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Purpose:

To check if a particular IEC turbine class (e.g. llA)
complies with the site and layout conditions.

SITE COMPLIANCE calculates the seven main checks
required in IEC 61400-1 ed. 3 (2010) site assessments:

e Terrain Complexity
e Extreme Wind

e Effective Turbulence
e  Wind Distribution

e  Wind Shear

¢ Flow Inclination

e Air density

Three additional IEC checks are also included:

e Temperature range
e  Seismic hazard
e Lightning rate

Note: IEC61400-1 ed. 4 (2018) will be released with the
release of the standard, planned for June 2018.

WENng 4.0 is required for including effect of obstacles.

Outline of Guide:
1. Data and models needed in SITE COMPLIANCE
2. Setup input data in SITE COMPLIANCE
3. IEC Main calculations in SITE COMPLIANCE
4. Re-calculate for a different WTG class

5. Calculation of Other IEC checks

Author: Lasse Svenningsen (Is@emd.dk)

1. DATA AND MODELS NEEDED IN SITE
COMPLIANCE

SITE COMPLIANCE can be used at various levels of input
data and external software licenses.

Full functionality is obtained in projects with site mast(s)
with multiple heights, a long-term reference series and
valid external licenses for both WAsP and WAsP
Engineering (WEng 4.0).

Minimum data level is a site mast with multiple
measuring heights but no external model licenses.

Projects with no on-site mast require valid external
licenses for both WAsP and WEng and a wind statistics
(lib file) to complete all seven IEC main checks.

Make sure that your project at least contains following
data/licenses before you start SITE COMPLIANCE:

1. Alayout of WTGs
2. Adigital elevation model, line or grid (TIN)
3A. A site mast with multiple heights

3B. A site data object (with a wind statistic)
A valid WASsP license
A valid WEng 3.0 or 4.0 license

In the following guide we assume a project allowing full
functionality in SITE COMPLIANCE, i.e. a project with a
site mast with multiple measuring heights and valid
WASsP and WEng 3 licenses. We also assume that a long-
term corrected wind statistics has already been created
from MCP, although this is not a general prerequisite.
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2. SETUP INPUT DATA IN SITE COMPLIANCE

Start Site compliance from the main menu.

j[@sess
4| @ Energy
!
|

+J Emvironment

Loads

4§ 57E COMPLIANCE (WTG sutabilty for site and layout
@ R LOAD RESPONSE (WTG load estimation

4 Operation

3 Cluster Services

4 Other

Main - tab

In this example we have both mast and flow models
available so we check this option.

Mark the flow models available: WEng (check) and
WASsP (check). In this example we have a site data
object with a long-term corrected wind statistics
available (check).

For the WTG positions in this example we wish to test
an IEC class of 1IB. You may select this class specifically
via overrule WTG design class with IIB (dropdown box).

@s LIANCE (WTG suitabilty for site and layout T

|[Man | Mast data WIGs Mast-WIG Long term correction ¥ WEng @ IEC checks Description

Name Quick Guide

Site and layout check using: o madele:

© Mast data & flow modeX(s © PAweng
O Mast data only OwasP
O No mast data OWASS-G0
O 3rd party results

O Flowres CFD results
Load cakulation / curtaliment:
Oindude LOAD RESPONSE

[ Apply sector curtadment
Design standard: 1EC61400-1 ed. 3 (2010; -
| O Use design class from WTG object
| @ Overrule WTG design cass with ] -
T Basc design parameters
Wind speed class 1 n m s
Vref [m/s] 500 425 375
Vmean (m/s) 100 85 7.5
Turbulence class A 8 c s
ref -] 0,16] 014) 0,12
The windPRO 3.0 STTE ‘module TOv SUD to comply 1 ed. 3 (2010)
Yiow Cenficate Yarnen notes
@ Note: the module the module may be used falsely or with
- erroneous input.

Alternatively, the WTG class may be defined individually
in each WTG object prior to starting SITE COMPLIANCE.

Mast data - tab

Here you see a list of all the Meteo objects in the
project. Check the site mast(s) you want to use and it
will expand and show the heights to be selected.

Author: Lasse Svenningsen (Is@emd.dk)

Purpose should be Site mast (default) and you must
define the Main height (check) and the heights to be
used in shear calculations (multiple checks).

M4 SITE COMPLIANCE Beta (WTG suitability for site and layout) PN
Main | Mast data | Layout | MastWTG | v WASP| " WEng | Calculations | Description
Name ‘ Purpose Main | Usedin | Sample | Duration | Recovery First ‘ Last ‘
height | shear | rate |(enabled) (enabled)
cale | [min] | [years] | [%]
@ MERRA Long term refi
9{50.0m - @ I oo 1201981 16:0/3010472012 17:01
[+ O|NCAR
= @ |Quick Mast Site mast ¥
/40.0m - @ 100 10 100.0/01/07/2001 |30/0672002 23:51
9/30.0m- o 100 10 100.0/07/07/2001  |30/0672002 235
/10.0m - 100 10 100.0/07/07/2001  |30/06/2002 235
Note:

Any red data fields might indicate potential problems
with the data, like too short data period, too low
recovery rate or non-standard sample rate and should
be investigated further in the Meteo object!

Check your long-term reference series (if any) and set
“Purpose” to “Long term reference” (dropdown) and
define the “Main height” (check).

Layout - tab

Select the layer(s) with your layout (check).

g SITE COMPLIANCE Beta (WTG s;mb.\ﬁ;ﬁ«e;d \ay-wuﬂ — o)

Main | Mast data [Layout | Mast-WTG | @ WASP | @ WEng| ions | Descri [ []
Layers

General data -
[0 Height contours
WTG Layout
IO Control points

I

[0 WTG Area

Meteorological data

IC1 Roughness arsas I
[0 Roughness lines I
(0 Obstacles

IO Site data objects

Use all objects from selected layers

New WTG (20) I
Existing WTG (0)

Mast-WTG - tab

Select which site mast is representative for each WTG,
default is nearest site mast. With only one mast the
choice is simple...

"8 SITE COMPLIANCE Beta (WTG suitability for site and layout) W | S

Main | Mast data | Layout | Mast-WTG | @ WasP| @ WEng| Calculations | Description

() Use nearest mast ) Manual mast-WTG matrix

WIG | Quick Mast|
VESTAS V80-1.3MW 60Hz 1800 80.0 0! hub: 70.0 m (TOT: 110.0 m) (56)
VESTAS V80-1.8MW 60Hz 1800 80.0 0 hub: 70.0 m (TOT: 110.0 m) (57)
VESTAS VB0-1.8MW 60Hz 1800 80.0 10! hub: 70.0 m (TOT: 110.0 m) (58)
VESTAS VB0-1.8MW 60Hz 1800 80.0 10! hub: 70.0 m (TOT: 110.0 m) (59)
VESTAS VB0-1. 8MW 60Hz 1800 80.0 10! hub: 70.0 m (TOT: 110.0 m) (60)
VESTAS VB0-1. 8MW 60Hz 1800 80.0 10! hub: 70.0 m (TOT: 110.0 m) (61)
VESTAS V80-1.3MW 60Hz 1800 80.0 0! hub: 70.0 m (TOT: 110.0 m) (62)
VESTAS V80-1.8MW 60Hz 1800 80.0 0 hub: 70.0 m (TOT: 110.0 m) (63)
VESTAS VB0-1.8MW 60Hz 1800 80.0 10! hub: 70.0 m (TOT: 110.0 m) (64)
VESTAS VB80-1 8MW 60Hz 1800 80.0 10! hub: 70.0 m (TOT: 110.0 m) (65)

[c}ic]

[oliol{citclfclicliol{c]
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WASP - tab

Match each mast in the list with the relevant site data
object that contains the long-term corrected wind
statistics based on that mast (dropdown).

Mast-WTG (@ wasP|@

Main_Mast data Calculations [ *
Current WASP version. WASP 10.2
Setup I

Select Site data object(s) (WASP purpose)

- defines long-term corrected wind statistics of each mast
- defines terrain and roughness
Mast

@ Calculate shear (Hub height +/- 0.5 rotor diameter)

Edit WASP pararameters |

Calculation
Run WASP calculation |

Press the yellow Run WAsP calculation button. The red
stop icon on the WAsP tab becomes a green tick mark
when WASsP is done.

"' SITE COMPLIANCE Beta (WTG suitability for site and E_ C=r=
Main | Mast data | Layout | Mast-WTG [v" WAsP | @ WEng| Calculations | De E@

WENng - tab

Select a site data object (dropdown) to define the
terrain and roughness files to be used by WEng.

Mg SITE COMPLIANCE itabilty forsite and layout) W P )

Main | Mast data | Layout | MastWTG | v/ WAsP [@ WEng| Calculations | ¢ [ [}]
Current WAsp Engineering version: WEng 3
Setup

Select site data object (WASP or Statgen purpose).
- defines terain and roughness

[Site data for WASP =]
O Advanced
Buffer around all mastsWTGs.
5,000/m
Grid resolution
50m

Number of grid points
Notth - south 263

East - west 226

Press the vyellow Run WEng (WAsP Engineering)
calculation button. The red stop icon on the WEng tab
becomes a green tick mark when WEng is done. Note
that WEng may take several minutes for large projects.

%5 SITE COMPLIANCE Beta (WTG suitability for site and layom-hgﬁlg
Descrpton_|

| Main | Mast data | Layout | Mast-WTG | v wasP [V WEng|C

Author: Lasse Svenningsen (Is@emd.dk)

3. IEC MAIN
COMPLIANCE

CALCULATIONS IN SITE

The Calculations tab is where the calculation of the IEC
checks takes place.

Mark all the Main checks (check) to prepare a full site
assessment. This enables an “Edit” button for each
check which is ready for calculation. Notice that Terrain
complexity check is required by some checks.

Notice the “Result legend”:

Red = Critical
Issues likely to hamper the project - must be
approved by the manufacturer.

Yellow = Caution
Issues not likely to threaten the project, but
should be discussed with the manufacturer.

Unlikely to cause problems to the project.
Terrain complexity - check
Start the Terrain complexity check by pressing Edit.

You only have one active elevation model, the Active
DEM (Digital elevation model).

W Tertaen compessty

[seus] | e—
s

© Acti olevation model (Line or Elevation grid cbject) God rssciution | 100 m

[T

Press Calculate (lower right).

This enables more tabs showing the results of this IEC
check. Notice the green square in the upper right corner
indicating that in this case the overall result of the check
is “OK”. The reason is that all WTG positions are “not
complex”.

O D
WTG narer (Mosse oy sont s e aane).

ox Cancel
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Extreme wind - check

Start the Extreme wind speed calculation by pressing
Edit.

Default Statistical model with this setup is the POT-N &
Gumbel method. N is the number of extracted storm
events and can be adjusted, but 10-20 events is usually
a good choice. At is the minimum time separation
required for storm events to be independent. Four days
is a typical value for synoptic events (extratropical
storms).

Press calculate.

Results (Table) summarizes the 50 year extreme wind
speed result for each WTG and the IEC limit for the WTG
class. In the case shown all WTGs are OK (green), and
hence the overall result for the park (see square in
upper right corner) is also green (OK).

You may click Add new (lower right corner) to add
another calculation setup for extreme wind to compare
the results. “Weibull parent
(EWTS/Bergstrom)” and press Calculate. Now you have
two result options you can compare. Try also “Risg
NCEP/NCAR extreme wind atlas” which covers most of
Europe and US. Each calculation adds a line in the right
pane. Click on a calculation in the pane to highlight it
and view its setup and results tabs. The calculation
which is checked defines the result to be used in the site
assessment.

Select e.g.

Author: Lasse Svenningsen (Is@emd.dk)

Effective turbulence - check

The Effective turbulence check is maybe the most
complex of the IEC calculations. This check does not
result in a single result per WTG, but the effective
turbulence must be calculated and checked for a range
of wind speeds.

Press Edit to initiate the calculation.

Fortunately, the default settings will usually be a good
choice. The setup is has three main decisions/sections.
Turbulence data, defines ambient turbulence and it
should be handled. Propagation model, defines how/if
the turbulence data shall be transferred from the mast
to each WTG position and hub height. Frandsen model,
defines the parameters in the Effective turbulence
calculation, mainly the Wéhler exponent, where m=10
represents fiberglass composites.

i B A S SRR e
| ——
(qualty: A)
O Linear f O Robust
(quality: B)
Propagation model
® Scaie tubuience using
{2 WEng turtrdence (quality A)
O WASP sector speed-up. (quality. B)
Scalng method
© Asymgrotic O Constant g-amor O Uniorm
o seaing
Turbukence structure cemection
. O Mo comection
Frandsen model
Watiar axponent 10
Large wd farm correction &) Automatic O AIWTGS O NoWTGs Selected ko)
Stown -
‘Sector management
Re [ss o | Ranoe
| Coku
Q Cancel

Press calculate.

Results (Graphics) presents the results graphically and
the relevant check interval, here from 9 to 25 m/s. Light
red highlights where the calculated WTG effective
turbulence exceeds the IEC limit (here at low wind
speeds) within the check interval .

[T N —— e =
— :

EETETrET
il

e o] ) S 1 e ey

Click OK and the turbulence calculation gets an overall
yellow result. Thus, the WTG effective turbulence
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exceeds the IEC limit for some wind speeds, but not in a
critical way.

Wind distribution — check

Press Edit to initiate the Wind distribution check.

Default with this setup is WAsP. Press Calculate.

In this case the check is overall not passed. In Results
(Graphics), light red highlights wind speeds within the
check interval where the IEC limit is exceeded.

RN

e

Flow inclination check

Press Edit to initiate the Flow inclination check.

(@ WEng (WASP Engineering), flow modelling resuts

O Terran fitting (SxHH disc) from complexity check.

The inflow angles may be estimated using either the
flow result from WEng or from the Terrain complexity
calculation. We use WEng as it is the default option and
hence expected to produce the best results. On the
Result (Graphics) we can see that all angles are within
the IEC limits of +/-8 degrees; all the dots are green (OK)
and the overall result marker in the upper right corner is
also green.

Author: Lasse Svenningsen (Is@emd.dk)

Wind shear - check

Press Edit to initiate the Wind shear check.

Default
combination of mast and WEnNg results.

selection is shear calculation wusing a

Air density - check
Press Edit to initiate the Air density check.

Calculation of this check may be based on temperature
(and pressure if available) measurements on the site
mast or using statistical data from the GHCN Climate
database.

Addran | Ramon
Cocuime.

All WTGs are within the IEC limit of 1.225kg/m?3.

Now all the main checks have been calculated and it is
time to have a look at the overall result.

In this case five of the main checks are OK, one check is
caution (Effective turbulence) and one check is critical
(Wind distribution). Thus, an IEC class IIB wind turbine is
possibly not suitable for this site and layout. It seems
that a higher wind speed class is needed, perhaps IB?
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4. CALCULATION OF OTHER IEC CHECKS

Check the three Other checks, Seismic hazard,
Temperature range and Lightning rate.

These checks are more general and output a single
value representative for the site and all WTGs. The IEC
standard does not define specific limits for these checks
but their result values serve as input parameters to the
turbine manufacturer’s evaluations.

Seismic hazard check

Click Edit to open the check and click Calculate to
perform it. This check leaves no calculation settings to
the user.

Result (Graphics) shows the variation of Seismic hazard
around the site for an area of ca. 1000km by 1000km.

S —
e JI————

The Result (Table) illustrates that for this site the Peak
Ground Acceleration (PGA) is very small and hence the
Seismic hazard is very low.

Lightning rate check

Click Edit to open the check and click Calculate to
perform it. This check leaves no calculation settings to
the user.

Result (Graphics) shows the variation of Lightning rate
around the site for an area of ca. 1000km by 1000km.

Author: Lasse Svenningsen (Is@emd.dk)

The Result (Table) illustrates that for this site the
Lightning rate is low.

Temperature range check

Click Edit to open the check. A site mast with
temperature is needed for this calculation.

There are two fit options for the on-site temperature
distribution Gaussian fit and Tail Gaussian fit.

The default WTG
(operation) and Extreme (survival), represent the
standard WTG classes WTGs. Custom (Class S)
temperature limits may be defined too as user input.

temperature ranges, Normal

After setup press Calculate.

"
OTGanams  Fioppe oo low hocion %

TR SR sutmt o O Cime 5t et bk
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In this example the result is caution, as almost 40 hours
per year are expected outside (below) the standard
Normal temperature range. So this is a point to be
aware of and consult the manufacturer if a low
temperature version is available with extended
operational temperature range.
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