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S	
  P	
  &	
  K	
  Birkbeck	
  

Raintree	
  Farm	
  

PO	
  Box	
  332	
  	
  

Denmark	
  WA	
  6333	
  

	
  

6	
  October	
  2010	
  

	
  

Dear	
  Mr	
  and	
  Mrs	
  Birkbeck,	
  	
  

Subject:	
  Safety	
  Inspection	
  of	
  Wentworth	
  Road	
  Dam,	
  Plantagenat	
  Lot	
  303	
  

	
  

Thank	
  you	
  for	
  the	
  opportunity	
  to	
  undertake	
  a	
  limited	
  review	
  of	
  safety	
  aspects	
  of	
  your	
  water	
  
storage	
  dam,	
  located	
  on	
  the	
  western	
  side	
  of	
  Wentworth	
  Road	
  on	
  Raintree	
  Farm.	
  	
  

Red	
  Earth	
  Engineering	
  Pty	
  Ltd	
  (REE)	
  provides	
  the	
  following	
  letter	
  report	
  to	
  address	
  the	
  issues	
  
that	
   you	
   raised	
  during	
   our	
  meeting	
   and	
   site	
   inspection	
  on	
   the	
  3rd	
   of	
  August	
   2010	
   that	
  was	
  
attended	
  by	
  Don	
  Glenister.	
  This	
  review	
  is	
  limited	
  to	
  visible	
  site	
  conditions	
  and	
  by	
  information	
  
provided	
   by	
   Mr	
   Birkbeck	
   and	
   Mr	
   Nigel	
   Palmer,	
   the	
   earthworks	
   contractor.	
   A	
   limited	
   site	
  
survey	
  was	
  undertaken	
   and	
  an	
   assessment	
  made	
  of	
   the	
  dam’s	
  hydrology	
   and	
   the	
  hydraulic	
  
capacity	
  of	
  the	
  dam	
  spillway	
  structures.	
  

	
  

1.0	
  Red	
  Earth	
  Engineering	
  Pty	
  Ltd	
  (REE)	
  

By	
  way	
  of	
   introduction,	
  Red	
  Earth	
  Engineering	
  Pty	
  Ltd	
   (REE)	
   is	
  an	
  engineering	
  consultancy	
  
that	
   provides	
   services	
   to	
   the	
   resource	
   industry	
   and	
   other	
   clients.	
   These	
   services	
   include	
  
geotechnical	
   engineering	
   strategic	
   planning,	
   design,	
   construction	
   supervision	
   and	
   technical	
  
audits	
   of	
   tailings	
   management	
   and	
   water	
   storage	
   facilities.	
   Mr	
   Don	
   Glenister	
   is	
   a	
   senior	
  
technical	
  consultant	
  with	
  REE	
  with	
  qualifications	
  in	
  civil	
  and	
  environmental	
  engineering	
  and	
  
a	
  background	
  of	
  over	
   thirty	
  years	
  of	
   industrial	
  experience	
   including	
  engineering	
  design	
  and	
  
management	
   roles.	
   Mr	
   Glenister	
   and	
   his	
   family	
   have	
   also	
   been	
   active	
   in	
   farming	
   and	
  
horticulture	
  at	
  Kentdale	
  in	
  the	
  Denmark	
  Shire	
  for	
  over	
  20	
  years	
  and	
  he	
  therefore	
  has	
  a	
  good	
  
local	
  knowledge.	
  



	
  

More	
  information	
  on	
  Red	
  Earth	
  Engineering	
  Pty	
  Ltd	
  and	
  Mr	
  Glenister’s	
  qualifications	
  may	
  be	
  
referenced	
  at:	
  www.redearthengineering.com.au	
  

	
  

2.0	
  Background	
  of	
  Wentworth	
  Road	
  Dam	
  

The	
  Wentworth	
  Road	
  water	
  storage	
  dam	
  is	
  designed	
  to	
  provide	
  irrigation	
  water	
  for	
  planned	
  
horticultural	
   development	
   on	
   Raintree	
   Farm	
   and	
   also	
   as	
   an	
   integral	
   part	
   of	
   a	
   sustainable	
  
tourist	
  and	
  job	
  creating	
  enterprise	
  that	
  is	
  planned	
  for	
  Raintree	
  Farm.	
  Apart	
  from	
  the	
  irrigation	
  
function	
   it	
   is	
   understood	
   that	
   the	
   dam	
  will	
   provide	
  water	
   storage	
   for	
   a	
   sustainable	
   energy	
  
system	
  and	
  as	
  an	
  aesthetic	
  feature	
  to	
  support	
  development	
  of	
  tourist	
  facilities.	
  

It	
   is	
   understood	
   that	
   communications	
   between	
   Mr	
   and	
   Mrs	
   Birkbeck,	
   their	
   planning	
  
consultants	
  and	
  the	
  Shire	
  of	
  Denmark	
  took	
  place	
  over	
  the	
  period	
  July	
  2007	
  –	
  February	
  2008	
  
and	
  resulted	
   in	
  approval	
   to	
  construct	
  the	
  dam.	
   	
  There	
  was	
  no	
  formal	
  procedure	
   in	
  place	
  for	
  
the	
   approval	
   of	
   farm	
   dams	
   at	
   that	
   time,	
   however	
   in	
   August	
   2009	
   the	
   Shire	
   of	
   Denmark	
  
adopted	
  Town	
  Planning	
  Scheme	
  Policy	
  No.	
  37	
  that	
  covers	
  “Dams	
  and	
  Water	
  Features”.	
   	
  This	
  
report	
  does	
  not	
   include	
  a	
  retrospective	
  comparison	
  between	
  Wentworth	
  Road	
  dam	
  and	
  the	
  
Shire’s	
  policy.	
  	
  

The	
  dam	
  was	
  constructed	
  between	
  December	
  2007	
  and	
  March	
  2009	
  by	
  the	
  local	
  Earthmoving	
  
Contractor,	
  Rivermouth	
  Holdings	
  Pty	
  Ltd.	
  -­‐	
  Nigel	
  Palmer	
  Earthmoving.	
  

In	
   discussion	
   between	
   Mr	
   and	
   Mrs	
   Birkbeck	
   and	
   Shire	
   of	
   Denmark	
   concerning	
   further	
  
property	
   improvements	
   it	
   is	
   understood	
   that	
   “an	
   engineering	
   sign	
   off	
   on	
   the	
   dam’s	
   safety	
  
standards”	
  has	
  been	
  offered.	
  

	
  

3.0	
  Dam	
  Design	
  

It	
  is	
  understood	
  that	
  the	
  design	
  process	
  incorporated	
  the	
  expertise	
  of	
  the	
  landowners	
  and	
  the	
  
earthworks	
   contractor	
   along	
  with	
   some	
   informal	
   engineering	
   advice.	
   	
   A	
   sketch	
   of	
   the	
   dam	
  	
  
cross	
  section	
  along	
  with	
  a	
  construction	
  methodology	
  were	
  agreed	
  prior	
   to	
  construction	
  and	
  
formed	
  the	
  basis	
  of	
  the	
  construction	
  contract.	
  	
  

The	
  main	
  characteristics	
  of	
  the	
  “as	
  constructed”	
  dam	
  are	
  as	
  follows:	
  

Crest	
  Elevation:	
  77.70m	
  AHD	
  

Maximum	
  wall	
  height:	
  7.0m	
  

Length	
  of	
  Main	
  Wall:	
  250m	
  



	
  

Length	
  of	
  Return	
  Wall:	
  150m	
  

Crest	
  Width:	
  5.0m	
  

Upstream	
  Embankment	
  Slope:	
  3H:1V	
  

Downstream	
  Embankment	
  Slope:	
  2H:1V	
  

Primary	
  Spillway(2X1800	
  dia.	
  Sumps)	
  Elevation:	
  76.5m	
  AHD	
  

Secondary	
  Spillway	
  (900x900	
  box	
  culvert)	
  Elevation:	
  76.7m	
  AHD	
  

Emergency	
  Spillway	
  Elevation:	
  77.0m	
  AHD	
  

Normal	
  Operating	
  Freeboard:	
  1.2m	
  

Surface	
  Area	
  at	
  Full	
  Elevation:	
  8	
  Ha	
  

Mean	
  Water	
  Depth:	
  4m	
  

Approximate	
  Water	
  Storage	
  Volume:	
  300,000	
  cubic	
  metres	
  

Catchment	
  Area:	
  178	
  ha.	
  

	
  (Note:	
   The	
   datum	
  used	
   for	
   the	
   survey	
  was	
   the	
   invert	
   of	
   the	
   box	
   culvert	
   under	
  Wentworth	
  
Road	
  (69.81m	
  AHD)	
  as	
  shown	
  on	
  Denmark	
  Survey	
  and	
  Mapping	
  Contour	
  Survey)	
  	
  	
  	
  	
  

	
  

4.0	
  Earthwork	
  Construction	
  

A	
  review	
  of	
  the	
  earthworks	
  procedures	
  used	
  in	
  the	
  construction	
  of	
  the	
  dam	
  embankments	
  has	
  
been	
   conducted.	
   This	
   included	
   a	
   visual	
   inspection	
   and	
   limited	
   survey	
   of	
   the	
   completed	
  
structure	
  and	
  an	
  interview	
  with	
  the	
  earthworks	
  contractor	
  that	
  completed	
  the	
  work.	
  

Inspection	
  and	
  survey	
   indicates	
   that	
   the	
  dam	
  structure	
  has	
  been	
  constructed	
   in	
  accordance	
  
with	
   relevant	
   engineering	
   standards.	
   Based	
   on	
   the	
   information	
   provided	
   regarding	
   the	
  
construction	
  the	
  methodology	
  employed	
  was	
  typical	
  of	
  good	
  dam	
  building	
  practice	
  and	
  was	
  
based	
  on	
  a	
  good	
  understanding	
  of	
  the	
  engineering	
  properties	
  of	
  the	
  local	
  soils	
  and	
  conditions.	
  	
  

Prior	
  to	
  dam	
  construction	
  a	
  site	
  investigation	
  was	
  carried	
  out	
  that	
  included	
  a	
  series	
  of	
  test	
  pits	
  
along	
   the	
   dam	
   centreline	
   and	
   in	
   proposed	
   borrow	
   areas.	
   An	
   inspection	
   of	
   the	
   foundation	
  
conditions	
  was	
  completed.	
  A	
  cutoff	
  trench	
  was	
  excavated	
  below	
  the	
  dam	
  wall	
  to	
  intersect	
  any	
  
permeable	
  strata.	
  This	
  cutoff	
  was	
  4m	
  wide	
  and	
  up	
  to	
  4m	
  deep.	
  Selected	
  clay	
  and	
  gravelly	
  clay	
  
soils	
  were	
  used	
  for	
  backfilling	
  of	
  the	
  cutoff	
  trench	
  and	
  general	
  embankment	
  fill.	
  The	
  fill	
  was	
  



	
  

placed	
  in	
  200mm	
  loose	
  layers	
  and	
  each	
  layer	
  was	
  compacted	
  by	
  bulldozer	
  track	
  rolling.	
  More	
  
permeable	
   sandy	
   fill	
   was	
   placed	
   in	
   the	
   downstream	
   slope	
   of	
   the	
   dam	
   to	
   ensure	
   adequate	
  
drainage	
  and	
  a	
  low	
  phreatic	
  surface	
  (water	
  level),	
  which	
  is	
  desirable	
  for	
  slope	
  stability.	
   	
  It	
  is	
  
noted	
  that	
  no	
  compaction	
  testing	
  or	
  quality	
  control	
  documentation	
  was	
  reviewed	
  as	
  part	
  of	
  
this	
  assessment.	
  The	
  engineering	
  standards	
  and	
  construction	
  quality	
  achieved	
  for	
  this	
  dam	
  is	
  
based	
  on	
   the	
   anecdotal	
   information	
  provided	
  by	
   the	
  owner	
   and	
   the	
   earthworks	
   contractor.	
  
Our	
  assessment	
  is	
  based	
  on	
  this	
  information	
  being	
  accurate	
  of	
  this	
  described	
  herein.	
  

It	
   is	
   worth	
   noting	
   that	
   many	
   farm	
   dams	
   suffer	
   problems	
   due	
   to	
   lack	
   of	
   attention	
   to	
   the	
  
principles	
  that	
  the	
  earthworks	
  contractor	
  applied	
  in	
  this	
  case.	
  	
  

	
  

5.0	
  Catchment	
  Characteristics	
  and	
  Design	
  Storm	
  

The	
  Wentworth	
  Road	
   dam	
   is	
   located	
   in	
   the	
   upper	
   reach	
   of	
   the	
   Little	
   River	
   catchment.	
   The	
  
catchment	
   area	
   above	
   the	
   dam	
   is	
   estimated	
   to	
   be	
   178	
   Ha.	
   Approximately	
   80%	
   of	
   the	
  
catchment	
  is	
  cleared	
  grazing	
  land	
  while	
  20%	
  is	
  remnant	
  native	
  vegetation.	
  Average	
  catchment	
  
slopes	
  are	
  around	
  5	
  -­‐10%.	
  	
  	
  

	
  	
  

The	
  Bureau	
  of	
  Meteorology	
  provides	
   statistical	
   rainfall	
   intensity-­‐frequency-­‐duration	
  data	
   to	
  
assist	
  in	
  flood	
  estimation.	
  (www.bom.gov.au/hydro).	
  Data	
  for	
  the	
  Denmark	
  area	
  suggests	
  that	
  
for	
   a	
   100	
   year	
   average	
   recurrence	
   interval,	
   24	
   hr	
   design	
   rainfall	
   intensity	
   of	
   6mm/hr	
   be	
  
assumed.	
  	
  

	
  

6.0	
  Spillway	
  Provisions	
  

Runoff	
   from	
   the	
   dam	
   catchment	
   as	
   a	
   result	
   of	
   a	
   low	
   frequency	
   storm	
   event	
   will	
   be	
  
accommodated	
  by	
  surcharge	
  storage	
  above	
  the	
  spillway	
  level	
  and	
  flow	
  from	
  the	
  dam	
  via	
  the	
  
primary	
  and	
  if	
  necessary	
  the	
  emergency	
  spillways.	
  

To	
  prevent	
  overtopping	
  of	
  the	
  dam	
  the	
  spillways	
  need	
  to	
  be	
  designed	
  to	
  discharge	
  the	
  storm	
  
flow	
  such	
  that	
  a	
  minimum	
  embankment	
  freeboard	
  is	
  maintained.	
   	
   It	
   is	
  suggested	
  that	
  under	
  
these	
   conditions	
   a	
   minimum	
   freeboard	
   of	
   0.7m	
   is	
   assumed.	
   This	
   means	
   that	
   the	
   storm	
  
surcharge	
   level	
   in	
   the	
  dam	
  could	
  reach	
  77.0m	
  AHD.	
  At	
   this	
   level	
   the	
  head	
  over	
   the	
  primary	
  
spillway	
  would	
  be	
  0.5m,	
  the	
  secondary	
  box	
  culvert	
  0.3m	
  and	
  the	
  emergency	
  spillway	
  0m.	
  	
  	
  

The	
   combined	
   capacity	
   of	
   the	
   spillways	
   under	
   such	
   a	
   condition	
   has	
   been	
   estimated	
   at	
   4.5	
  
cubic	
  metres	
  per	
  second	
  	
  	
  	
  



	
  

	
  Assuming	
  a	
  conservative	
   total	
  catchment	
  runoff	
   in	
  response	
   to	
   the	
  24	
  hour,100	
  year	
  storm	
  
event	
  of	
   256,000	
  m3	
   (100%	
  runoff	
   coefficient),	
   storm	
  surcharge	
  up	
   to	
  77m	
  AHD	
  of	
  45,000	
  
m3,	
   	
   the	
   primary	
   spillway	
   capacity	
   alone	
   is	
   such	
   that	
   the	
   storm	
   flow	
  would	
   be	
   discharged	
  
within	
  a	
  13	
  hour	
  period	
  without	
  requiring	
  the	
  emergency	
  spillway.	
  	
  

While	
   these	
   calculations	
   assume	
   a	
   static	
   condition,	
   which	
   is	
   only	
   an	
   approximation,	
   they	
  
illustrate	
  that	
  the	
  primary	
  spillway	
  alone	
  can	
  handle	
  the	
  design	
  storm	
  without	
  reliance	
  on	
  the	
  
emergency	
   spillway.	
  Never	
   the	
   less	
   it	
   is	
   good	
  practice	
   to	
  provide	
  an	
  emergency	
   spillway	
   to	
  
protect	
   the	
  dam	
   in	
   the	
   event	
  of	
   a	
  partial	
   blockage	
  of	
   the	
  primary	
   spillway,	
   and	
   to	
   cater	
   for	
  
lower	
  frequency	
  storm	
  events	
  should	
  they	
  occur.	
  	
  

Buffer	
   storage	
  within	
   the	
   dam	
   is	
   such	
   that	
   the	
   peak	
   flows	
   downstream	
   of	
   the	
   dam	
  will	
   be	
  
substantially	
  reduced	
  from	
  the	
  natural	
  condition.	
  Even	
  so	
  the	
  storm	
  discharge	
  from	
  the	
  dam	
  
spillways	
   resulting	
   from	
   low	
   frequency	
   storm	
   events	
   is	
   likely	
   to	
   exceed	
   the	
   capacity	
   of	
   the	
  
drainage	
  culvert	
  beneath	
  Wentworth	
  Road	
  and	
  therefore	
  overtop	
  the	
  roadway.	
  This	
  is	
  to	
  be	
  
expected	
  as	
   the	
  road	
  culvert	
  would	
  only	
  be	
  designed	
   for	
  a	
  5	
  or	
  10	
  year	
  average	
  recurrence	
  
interval	
  rainfall	
  event	
  in	
  the	
  pre-­‐dam	
  condition.	
  

	
  

	
  7.0	
  Summary	
  and	
  Recommendations	
  	
  

A	
  visual	
  inspection,	
  limited	
  survey	
  and	
  review	
  of	
  available	
  data	
  suggests	
  that	
  the	
  Wentworth	
  
Road	
  dam	
  on	
  Plantagenat	
  Location	
  303	
  has	
  been	
  constructed	
  to	
  a	
  standard	
  that	
  exceeds	
  the	
  
requirements	
  for	
  small	
  farm	
  dams.	
  The	
  design	
  of	
  the	
  spillway	
  structures	
  is	
  such	
  that	
  they	
  can	
  
discharge	
  a	
  1:100	
  design	
  storm	
  event	
  without	
  danger	
  of	
  embankment	
  overtopping.	
  So	
  long	
  as	
  
the	
  embankment	
  and	
  spillway	
  structures	
  are	
  maintained	
  to	
  a	
  high	
  standard	
  the	
  dam	
  should	
  
meet	
  the	
  required	
  safety	
  standards	
  for	
  water	
  retaining	
  structures.	
  	
  

	
  

While	
  the	
  following	
  recommendations	
  do	
  not	
  apply	
  to	
  the	
  overall	
  integrity	
  of	
  the	
  dam	
  they	
  are	
  
recommended	
  for	
  consideration:-­‐	
  

	
  

1.	
  The	
  upstream	
  face	
  of	
  the	
  dam,	
  and	
  to	
  a	
  lesser	
  extent	
  the	
  northern	
  return	
  embankment,	
   is	
  
subject	
  to	
  wave	
  erosion.	
  It	
  is	
  recommended	
  that	
  a	
  300mm	
  thick	
  capstone	
  rubble	
  and	
  rock	
  	
  (up	
  
to	
  300mm	
  in	
  size)	
  layer	
  be	
  placed	
  on	
  the	
  embankment	
  face	
  between	
  RL	
  75	
  and	
  77	
  to	
  protect	
  
the	
  slope	
  against	
  wave	
  erosion	
  when	
  the	
  dam	
  is	
  full.	
  It	
  may	
  be	
  possible	
  to	
  place	
  this	
  ‘rip-­‐rap’	
  
during	
   later	
   summer	
   when	
   the	
   dam	
   level	
   is	
   at	
   its	
   lowest	
   to	
   minimise	
   disturbance	
   to	
   the	
  
landscaping	
   that	
   has	
   been	
   installed	
   along	
   the	
   crest.	
   It	
   is	
   possible	
   that	
   placement	
   of	
   further	
  



	
  

topsoil	
  and	
  establishment	
  of	
  suitable	
  vegetation	
  (reeds	
  etc)	
  could	
  be	
  a	
  suitable	
  substitute	
  for	
  
the	
  rock.	
  

2.	
   Additional	
   compacted	
   gravel	
   and	
   rubble	
   fill	
   should	
   be	
   added	
   to	
   the	
   top	
   section	
   of	
   the	
  
eastern	
   abutment	
   of	
   the	
   emergency	
   spillway	
   to	
   avoid	
   overtopping	
   in	
   the	
   event	
   of	
   storm	
  
discharge	
   from	
   the	
   two	
   emergency	
   spillway	
   structures.	
   It	
   is	
   suggested	
   that	
   this	
   section	
   be	
  
built	
  up	
  by	
  300mm.	
  (Refer	
  photograph	
  6/080810)	
  

3.	
  Further	
  use	
  of	
  the	
  grey/white	
  silty	
  material	
  that	
  has	
  been	
  used	
  to	
  sheet	
  the	
  inside	
  slopes	
  of	
  
the	
  dam	
  should	
  be	
  avoided	
  as	
  the	
  material	
  is	
  highly	
  erodible.	
  

4.	
  The	
  dam	
  should	
  be	
  inspected	
  by	
  a	
  qualified	
  engineer	
  annually	
  for	
  the	
  next	
  few	
  years.	
  The	
  
inspection	
   should	
   be	
   scheduled	
   in	
   early	
   summer	
   to	
   allow	
   any	
   maintenance	
   work	
   to	
   be	
  
scheduled	
  before	
  the	
  following	
  winter.	
  	
  	
  

	
  

8.0	
  Limitation	
  

It	
  is	
  noted	
  that	
  this	
  report	
  is	
  limited	
  to	
  the	
  observations	
  made	
  at	
  the	
  time	
  of	
  inspections	
  and	
  
survey	
  plus	
  anecdotal	
  information	
  gained	
  from	
  discussions	
  with	
  Mr	
  S.	
  Birkbeck	
  and	
  Mr	
  Nigel	
  
Palmer.	
  	
  

	
  

	
  

We	
  trust	
  that	
  this	
  review	
  will	
  assist	
  in	
  your	
  negotiations	
  with	
  the	
  Shire	
  of	
  Denmark.	
  	
  Please	
  let	
  
us	
  know	
  if	
  we	
  can	
  be	
  of	
  further	
  assistance.	
  	
  

As	
   advised	
   earlier	
  Don	
  Glenister	
  will	
   be	
   travelling	
   overseas	
   between	
   the	
  13	
  August	
   and	
  27	
  
September	
   .	
   If	
  you	
  require	
  any	
  assistance	
  during	
  this	
  time	
  please	
  contact	
  Mr	
  Symon	
  Jackson	
  
0439	
  984	
  336.	
  

	
  

Yours	
  faithfully	
  

	
  

	
  

Don	
  Glenister	
  

Tel.	
  0429	
  840	
  809	
  



	
  

	
  

	
  

PHOTOGRAPHS:	
  

	
  

	
  

	
  

1/080810	
  -­‐	
  Wentworth	
  Road	
  dam	
  from	
  south	
  abutment	
  looking	
  along	
  dam	
  crest.	
  

	
  

2/080810	
  -­‐	
  Wentworth	
  Road	
  dam	
  upstream	
  face	
  of	
  main	
  (eastern)	
  embankment.	
  

	
  

3/080810	
  -­‐	
  Wentworth	
  Road	
  dam,	
  upstream	
  face	
  of	
  (northern)	
  return	
  embankment.	
  

	
  

4/080810	
  -­‐	
  Wentworth	
  Road	
  dam	
  –	
  primary	
  spillway	
  intake	
  (2x1800	
  mm	
  dia.	
  sumps)	
  

	
  

5/080810	
  -­‐	
  Wentworth	
  Road	
  dam	
  –	
  emergency	
  spillways.	
  1x	
  900	
  mm	
  box	
  culvert	
  and	
  8m	
  
wide	
  abutment	
  weir.	
  	
  

	
  

6/080810	
  -­‐	
  Emergency	
  spillway	
  discharge	
  channel.	
  

	
  

7/080810	
  -­‐	
  Highly	
  erodible	
  white	
  silt	
  layer	
  on	
  return	
  embankment	
  
























