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. GIS analyser | NVE — eksempler

= Beregne feltparametre for malestasjoner
s Lavvannskart for Norge

= Beregne vannkraftpotensialet for sma kraftverk i
Norge
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. Beregne feltparametre

Automatisk beregnet allerede med Arcinfo

s Hypsografisk kurve — DTEM 25*25 m

s Arealfordeling — arealdekkeflate fra N50 konvertert
til GRID 25*25 meter.

= Snaufjell alt over tregrensen

Nyutviklet metode -> manuelt til automatisk
s Effektiv sjgprosent

s Felt- og elvegradienter

27.jan. 2010
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Low flow index map for Norway

s Background

= Calculate the common low flow , Q
« Required information in

— Decision-making concerning small hydro power plants
— Water supply a.s.o

= Low flow index is different discharges indicating how low
discharge can be at a certain point

Normal discharge Low discharge 27.Jan. 2010
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Low flow index map for Norway

s Finding regression equations for homogenous
regions in Norway at ungauged sites

s Establish a relationship between the common low
flow and some catchment characteristics

= Engeland et al. 2006

s GIS analyses defined for all the parameters using
national datasets prepared or developed at NVE

s User interaction through a web-application towards
a GIS server

6 27.jan. 2010
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Two main issues and a user interface

s From a random point on all rivers in Norway, generate a
watershed with high accuracy catchment boundaries

= The method for creating watersheds are standard in our
GIS system (ArcGIS), but the result is depend on dataset
used

s Calculate all input parameters to the regression model
automatically using ArcGIS with Spatial Analyst as extension

= A number of parameters had already an analyse design
and automated

s Develop dataset and analyses to be automated for the
rest of the parameters

m User interface

= The system should work on web using ArcGIS server

8 27.jan. 2010
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Calculate watershed from a Domt

= Require a flow accumulation grid derlv‘“ﬂs PO ,
model with high resolution and quality

= DTEM 25, adapt to hydrology
- Hydrological digital elevatior -

0

= TopoZ2raster input parameters

IS

« Elevation points from DTEM25
» Lake with elevation L \

11 1 2 23 24 pa] 443
{

* River network — correct direction on lines
= Create flow direction grid and flow accumulation grid
* River network burned 30 meter into Hydro DTEM in advance
m Process is time-consuming because
= River network correctness is crucial

= Quality control is essential

9 27.jan. 2010
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Chose a point — generate watershed

s Standard ArcGIS functionality
= Spatial Analyst Tools — Hydrology

 Uses 2 GRID: Flow Direction and Flow Accumulation

27.jan. 2010
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. Comparing Flow accumulation grid

REGINE
From DTEM25 waterdivide
Without river nety _—
—
DTEM25

river network
\
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Chose a point — generate watershed

27.jan. 2010




National datasets

NVE B

s Required datasets developed at NVE
s REGINE — watershed archive — 20.000 units
s Lake database — all lakes > 2500 m2 identified

= River network —

 Centre line of rivers and lakes connected to rivers in
nodes. Lines have direction towards outlet in sea

= Runoff map — GRID pixel size 1 x1 km? , each cell
value is mean runoff from 1961-90 i mm. year

13 27.jan. 2010
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The catchment characteristics
""" included in the regression analysis

m Designed analyses
s Catchment area (km?)
= Mean annual runoff (I/s/km?) — runoff map of Norway
= Maximum elevation (masl) —- DTEM25
= Minimum elevation (masl) — DTEM25
= Elevation gradient

= Landuse statistics — Landuse grid from scale 1:50.000
» Urbanised areas (%)
» Agriculture areas (%)
» Forested areas (%)
* Bogs (%)
* Mountainous areas (%)
» Lake percentage (%)

14 27.jan. 2010



. The catchment characteristics
" included in the regression analysis

s Capture cell value of existing grid or using standard
grid analyses on grids

= Average annual temperature (°C)
= Average summer temperature (°C)
= Average winter temperature (°C)

= Average precipitation (mm)

= Summer precipitation (mm)

= Winter precipitation (mm)

15 27.jan. 2010
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The catchment characteristics
Included In the regression analysis

s Require pre-processing of data

Effective lake percentage (%)

s Require pre-processing of data and design

16

Length of main river (km)
River gradient (m/km)

River gradient excluding the 10 % lowest parts and
the 15 % highest parts (1085 gradient) (m/km)

Catchment length
Catchment width
Catchment gradient

27.jan. 2010
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Calculate effective lake percentage
= Area of the derived watershed

m Lake area and catchment area for all lakes in the

Aariviad \watarchan

» flow accumulation grid

1 0 1267 34 21 20

\nd area for each lake

136'?‘1(6625 / 1000000 = 0.85

0 3 0 1332 8 7

2 1 2 1350 13 B

1 0 1 1354 0 5 1 Are a)2

0 0 1 1363 0 2
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River length - and gradient

2288 o (

- Elvis_Elvenettl CreateRouter |Locatior: 9376614872, 6554976.775415)
-0a0.21s Cescription | Yalue -
0725 Measure: 3505.650 5
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Maxirnur Measure: 4959.000
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River in REGINE
REGINE-number - 024.15Z7
Rest rivers — random number

Create route
Calibrate route measure 0 at top

Length route measure at end
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Identify Route Location Results |

m (IR F [vic Elvenettl CreateRoutehd

] | |
I 2 I V e r r ad I e n tS = Elvis_Elvenettl_CreatsRouted Location: [-9376.614572, 6554976, 775415)
nve B g 030,212 Description | Yalue -
Measure: 3805,650
Minimum Measure: 0.000
Maximum Measure: 4959.000
Measure Yalues: Skricthy Increasing
Parts: 1
H Unknown Measures: False x
m Cell value from DTEM is q (4] 0 )

the chosen points elevation

= Top of eachriver are
identified with route name

and elevation is calculated -
from the DTEM T/_‘

S, =(712.2-419)/3.8=77

23241

£2d .5

Br6

k‘ /_,f‘“t ' 137

S

=1085 gradient) (m/km)
River gradient excluding the 10 % lowest parts and the 15 % highest parts (m/km)
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River - and catchment length

= River length = distance to top of river from your point
= Mmeasure at the chosen point

s Catchment length = distance from chosen point to most
remote point on the watershed divide

= Change watershed divide from line to points and
measure the distance from all points to the chosen
point. Use the point with largest distance

B Attributes of nfelt_Feak - 10| x|

OID | FREQUENCY [y 1ib s of nfelt_FeatureTolir
v[ o 128] 5597 2774
Recnrd:ﬂjl 1 jﬂ Shiow; j
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. User Interface

s Web-application

= Map - and application tools
= ArcSDE
s ArcGIS Server
s ArciMS

s Parameters from GIS are captured using web-
services

s Regression models are defined in a windows
application

22 27.jan. 2010
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Conclusion

s The results of the GIS analyses are very good
= Require a number of national datasets

= Creating flowdirection and flowaccumulaton with high accuracy
enable us to generate watersheds to points and lakes

* Require quality check of river network
= River network transform to routes with zero measure at top

This takes time

m Goal is to have ‘ready to use’ grids and other required datasets
covering Norway by the end of 2010

s The calculated low flow indices +- 20 % uncertainty
= Must be used with caution

s Results have multipurpose range of use

23 27.jan. 2010



Lavvannskart

[« 20 - T

Oppgaver

Milestasjonssok
Sadanuvnsek

Lavvannsindeks "

Ferdig med g ering av polyg

Hesultaler y |

actinnhok Beregn Editer Lavvanns ¢ 2 / .
e——— N ST o ‘

Navigasjon viase, a’ y 4 4 4
Ty rejuvanoliane ; Yo

Oversik!

N 1
S ]
0 > v
\ <,
r .
r\.}‘l“ ~ 4’
\ r -~ y Kiyiryggen
d ¢
g ! -
. ’
\) ’




L [ e T 0 P P F3e

B obedor % fputs e e S :
Cougle (- ot D B e O e e pvowon  Bhnte o @snite J verge

| avvannskart

Hese® alev

hartommne it

/ .
| o I L
- ': "
| ,
-
.
4 -
Al l 8, '
{
v\ ’ 3 - - - 4
, g ¢
. —
\ . . -
-
i . . e
-3 -
: . . |
v - J
» )y -
’ -\-
NG o
/ — —
A —



|denlify from:

1 ks

- 030.4C2Z

= VANN.Nedbfelf selection

1> VAN, NedbfeltF selection
Location: |3 301.412 6571 240,423 Meters
Field | value
OBJCTID 1923
D 0

VASSDRAGMNR  030,4C22
KLIMAREG Sar
AREAL_KMZ 0,58
AVRENNING  1.76
HEIGHT_MIN 603
HEIGHT_10 &3
HEIGHT 20 612
HEIGHT_30 626
HEIGHT 40 635
HEIGHT_S0 645
HEIGHT_E0 659
HEIGHT_70 671
HEIGHT_BO 711
HEIGHT 80 827
HEIGHT_MAX 902
SJOPRO 13.40
BREPRO 0
SKOGPRO 3.3
JERUKPRO 0

MYRPRO 0
SNAUPRO 43.66
URBANPRO

0
EFFSJOPRO  11.04
TAMSOMMER 8,01
TAMVINTER  0.96
RRSOMMER.  7(4.52
RRVINTER 1249.15

TANMIUL 9.59
TAMAUG 9.68
TAMAAR 3.9
RRAAR 1963.67

LENFELTKM 1.26
LENGDELYKM  1.04
GRADELY 28,61
GRAD103S 41.2
DELTAHMAX 29,63
FELTBREDDE 0.46

NUMID 0

GUID 67221338d%9adee957eb623fS8Bcadded
ARERA u]

LEN 0

Shape Palygon

SHAPE.AREA 58054660065
SHAPE.LEN 4092.51678%

{Identified 1 Featurs [




{;,qw‘- | hepiiocatont ovvarrchartiDef a.t asgo I

B Bedow 0s Fyodie Velte leo

Google! G~ Jan i D B O v 2 Tt oo roolee (o Sondthe Orangns:
G e Magong Acgkon ' ' TRy vty - »

Lavvannskart

O 0 96 0

Ogegrpaver

HesoMater ) — $ ; / : k
) AL o
P T ) , . dner Beregn  Lavvanns _¢ 4 ¥
Naramhe -ﬂ& potygen  fellkaraktertiea  indeks " Torejuvincliane 4 va
Navepasio ») 4 '7' 04
y
Oversikt » Yerds ~ 34 f/
Pacameter  (1/slkm~2)
m 10.5135762110012
Qs 12.4630423747552
Q¥S sommer 2.80900955):108)43
Q95 wweter 2457787902003 76
Qse FE 6247 M
I Paramotor Verdd |
ocexcro | 1922
vassorAca [ 104022

T
ameao: [T o
amewans [ 478
L= A R T
meront ax [ 902
SI0PRO . on
eaeemo [T o
socRo [T e
waseeno [ ©

010

e - CUTTT T R et [Riww -




_ Calculate the potential for small
hydro power plants




Alm

s Calculate small hydro plants energy potential
= Rough estimate
= Automatic using digital maps and GIS, manual correction

s RESULT: the theoretical potential for small hydro power
plants .
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. Steps in the Analysis

s Pre-processing hydrological grid
s Flow accumulation grid model the regulated rivers

= Weight flow accumulation grid using runoff grid as
weight

s Generate river network as 3D rivers
s Calculate distance to roads and power lines

s The analyses

31 27.jan. 2010
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32

Derive runoff

s flow accumulation with runoff as a weight raster -

accumulated weight of all cells flowing into each down
slope cell in the output raster.

E1B2]6.

4c86 476

Taaly

346

3756

BEA LA

B=61

B7ola

7E13

2C6A4

BP0

2756
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Change flowdir and
flowacc for
regulated rivers

=

Use setmask when
flowacc Is generated

27.jan. 2010
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#

River network

* m Erase centreline in lakes and generate new outlet points

“9" / BJQ |
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. Steps in the analyse

= |dentify slope
= Calculate longitude profile
= |dentify downfall with gradient > 1:25
= Find top and bottom of each slope

s Calculate attribute to top of each slope

= |dentify small hydro power plants which are within
the conditions

s Calculate cost for each plant

35 27.jan. 2010
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e
Calculate profile

NVE B

= Use "utility network analysis™ to

s Each trace — longitude profile
stored temporary

= Dived profile in 50 meter sections
— define point for each section

(represent at top)

« Attributes: difference of height,
dH/dL.

36 27.jan. 2010
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1000

800

600

400

200

0
24000 25000 26000 27000 28000 29000 30000 31000 32000 33000

dH/dL for each 50 meter
< 0.04 - black vs. 1:25
> 0.04 - green

—— Elvenett
= Profil > 0.04
= Profil < 0.04
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: E = ldentify downfall

= from outlet trace all profile points and start a slope
where dH/dL > 0.04 and end where dH/dL gets < 0.04.

1200
1000
800
600
400

200

0
24000 25000 26000 27000 28000 29000 30000 31000 32000 33000

Blue triangle - intake
Yellow circle - power plant 27.jan. 2010
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. Calculate parameters at intake

s Drainage area (flowacc)
= Runoff (flowacc weighted with runoff grid)

= Total difference of height

39 27.jan. 2010
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= All rivers with downfall down to 1:25
s Relevant elevation limits (H) is 10 m - 600 m.
= Runoff 0.05 m3/s — 25 m3/s

= [he turbine’s maximum useable flow -
(Q) =15 xQ,, (average runoff).

= Installed power-N=8,0xQ xH
= Installed power limits - 50 kW-10000 kW.
= Production - 70 % of water can be used

s Production = 8,0 x (Volume pr year) X 0,7 X H x /

3600 _ | S
40 Erase plants outside defined limitations 27.jan. 2010
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. Cost accounting
s Formula developed for small hydro plants
= Calculated based on
= Elevation
= Length of pipeline
= Maximum useable flow
= Distance to roads and transmission lines

m Power

41 27.jan. 2010
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Results from the 2004 analysis

NnvE B

= Hydro power plans, intake and tunnels — information
= Capacity- and cost
s Catchment and municipality
= Protected areas
= Control status — build, planned, wrong
= Unique identification of power plants
s 45529 total
s 18637 <5 NOK manually checked
s 12871 outside restriction areas

= 9467 accepted

* 4128 <3 NOK

5339 3- 5 NOK
42 27.jan. 2010



Potensialet for sma kraftverk pr. 29.11.2004

Totalt: Samlet Plan: 7 TWh

GIS kartlegging under 3 kr/lkWh: 18 TWh
GIS kartlegging mellom 3-5 kr/lkWh: 7 TWh

Tegnforklaring

‘ﬂMélesﬁav tilsvarer 1 400 GWh

[ samlet Pan 1000-9999 kw

I 50-999 kW under 3 ki/kWh

I 1000-9999 KW under 3 kifkWh

[ ] 50-999 kw 3-5 krfiwh

[] 1000-9999 KW 3-5 ki/kwWh
1062 Samlet potensiale i GWh i fylket

27.jan. 2010



3 Ressurskartlegging smakraftverk - Microsoft Internet Explorer provided by NYE

File Edit jew Favorites Tools  Help

(JBack ~ ) - x| 2] | search ' Favorites @ Meda £ | - L - |

Address I@ hikkp: e, rve, nog modulesmodule_109/publisher_view_product, aspriEntityId=7952

ERE

Om NYE
Nyheter

Kalenﬁr

Prugnuser;ug

Forskning ugf_
utvikling

Internasjonalt
arbeid

Produkter og

‘g tjien r
f Loy
forskrifter

Ledige stillinger
Konsesjoner

Forskrifts-
hgringer

Kunkurran#—
grunnlag

Ressurskartlegging smakraftverk

qumuarseI#
Snekart |

Ismelding ;

k

 kunnskapen om ressursen ytierligera.

P

@ NVE atlas

VANN {ffEMERGI

NMYE har utviklet en ny metode for
digital ressurskartlegging av sma
kraftverk mellom 50 oqg 10 000 kW,
Metoden bygger pd digitale kart,
digitalt tilgjengelig hydrologisk
materiale oq digitale kostnader for
de ulike anleggsdeler.
Kartleggingen viser at det er
realistisk d realisere ca 5 TWh av
dette potensialet i lepet av en ti drs
periode.

Samlet er det funnet omkring 18 TWh
med investeringskostnad under 3
krfkWh, T tillegg kommer omtrent 7
Twh fra Samlet plan slik at potensial
far sma kraftverk under 10 MW med
investeringsgrense 3 kr/kWh er rundt
25 TWh,

Ressursoversikten angir mulighetene
far smakraftverk i hvert fylke i landet.

Kartleggingen er gjengitt i en rapport
som ogsa innehalder resultater og
beskrivelse av metoden som er brukt
med angivelse av svakheter p3 grunn
av ngdvendige forenklinger og det
arbeid sam ma viderefdres for 3 ske

Bvindatlas  Bkontakt MVE

Beregning av potensial for sma

kraftverk i Norge,

Tegnforklanng
:‘ itlastay Blssaenr 1400 Sivh

[ Sanniar plan 1000-8550 Wi
B 50 ki urer 3 kb

I 0005008 KW undar 3 kR
930 Serrel pedansiale | Gk fylker

Brettztedskart

Finnmark

Troms

Nordland
Naord-Trandelag
Sor-Trasndelag
hare og Romsdal
Sogn og Fjordane

Oppland
Hedmark
Hordal and
Rogaland
est-Agder
Aust-Agder
Telemark

Buskerud
Westfald
Akershus
Gslo
Bstfold

I_ I_ I_ M TN



NYE Atlas - Microsoft Internet Explorer provided by NYE

J File Edit View Favoribes Tools  He ”“ QBack - ) - Iﬂ @'I __:‘J /':" Search - ¢ Favorites ' Media .l?_l| - Py - |

J fddress I@ hktp: ffarcus, ive, nofwebsite/potensial®eSFsmaakryvigwer hkm

>

l W omn MWYE Atlas B Termaforklaring W Tilb zkernelding

NVE Atlas Potensialet for sr:ﬂ krathverik

NVE O e ™menG LR 78RS

Oppfrisk kart |

Tegnforklaring

Sma kraftverk

=3 3-5
krfkWh krfkWh kv

[ | 1000-10000
[ | 500-1000

[ ] 50-500

* vanninntak
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Temaliste
iz Sek

V| = Stedsnavn
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15 5 5]
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getoma Sletonaun | Sek [ STORE bokstaver og ew. * ) |
[ Alle =]
d [»]
Zoom inn

|;§| Informasjon

l_ l_ ’_ |\:J Local intranet



a M¥E Atlas - Microsoft Internet Explorer provided by NYE

File Edit YWew Fawvorites Tools Help
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New analyse from 2007
Improved datasets

= Improved flow direction and flow accumulation grid
= Low flow index map project
= Include runoff from Sweden and Finland

= New cost functions

s Erase transmission lines with high voltage from
dataset

s Distance to roads calculated as shortest distance
from power plant to the nearest road when lakes
and steep areas area excluded. (In 2004 straight
lines where used)
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New method

= ldentify location of intake and power plant depending of
maximum effect

= In 2004 — if discharge at top of head where too small, no
power plant identified

= In 2008 — program loop to find the optimal location

> user can located

s Developed a |
are calculated for the

OneFﬂantan‘ o
power plant ,7:;,;'.’..,-~\ G .

=

27.jan. 2010
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Preliminary results

= 4 basins run with the new method
s Used distance to road as straight line

= Type of slope influence the cost and often the total cost
has increased for steep slopes.

s More power plants have been identified due to search for
optimal effect, but in some places too many plants in a row
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E Preliminary results

'." m 4 basins run with the new method
| m Used distance to road as straight line

m Type of slope influence the cost and often the total
cost has increased for steep slopes.

m More power plants have been identified due to
search for optimal effect, but in some places too
many plants in a row

- = More correct results — improved datasets

27.jan. 2010




Result 2004 Result 2007
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. Preliminary results

4 basins run with the new method
Used distance to road as straight line

Type of slope influence the cost and often the total
cost has increased for steep slopes.

More power plants have been identified due to
search for optimal effect, but in some places too
many plants in a row

More correct results

Possible new national mapping, but first e few
more basins will be run as a test

27.jan. 2010



_ Calculate the potential for small
hydro power plants




