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Abstract

Many hydrological models simulate both runoff (Water Balance Model) and discharge s
(Water Routing) over given river networks (STN, DRT, HydroSHEDS, etc.). But water =
infrastructure development (dams, inter-basin water transfer lines, irrigation canal networks,
etc.) in industrial and post-industrial time frames impose real challenges to the modeling of

Water Balance and River Routing Model (WBM)

WBM-TrANS EPSCoR domain |4
contains 2783 dams from National [}

Basic features: Flow routing model T Evapotranspiration TWater balance model
Qi1 = Colisy + Cyly + CQ,

Coefficients C,, C;, C,, = f(River Geometry)
Q =river discharge from grid cell

Precipitati
— Physically based 2-layers hydrological model with daily time step; recipitation

Irrigation <=

‘,.

h

— Several approaches for evapotranspiration evaluation;

* Snowpack

water rou.tlng and prediction of river dlgcharge,. especially for Iarge—scale regional and global p—— ventor of Dams (NID) database B — Transport of surface run.off downstre:i\m using simu.lated river | = locally generated inflow to river (less .

geographic extents where detailed information about operating rules for such hydro- Primary Purpose y ( _ ) | ’\5 2 a network (STN) and (1) Linear Reservoir or (2) Muskingum-Cunge irrigation)  BaEoi e | | |
infrastructure units often do not exist. The global and regional river dam databases used in o NotDomnes that have been used in the model. ey flow routing model; E
water routing simulations (e.g. GRanD and NID) provide some limited information on dam ¢ oot e _ Tracking of water components by origin, use, and chemistry:

construction dates and purposes (e.g. hydropower, irrigation, water supply, flood control, etc.), L ey 2000 ki ~ H disturb e . lation. i basi <

but do not indicate how these are being operated over the given hydrological year cycle and " Novgaton L N — Human disturbances: irrigation, réSErvoir regulation, inter-basin Q‘»\Q@ Q

over extreme low/high in-flow regimes. So the formulation of generic and use-specific | noveston }N\ w4 LRl Grid Cell RIVErS
reservoir operating rules for regional and global hydrologic simulations are still debated issues * Vaersupl Global domain for WBM-TrANS modeling i =

for the hydrology modeling community. with 6882 dams from Global Reservoir and |

Dams (GRanD) database that have been

In our network independent WBM-TrANS model (Water Balance Model-Transport from used in the model. 60 km L e K Y ¥ ods' 'fﬁﬂ- e o & W ge O e
Anthropogenic and Natural Systems) we have formulated and tested a new Log-Exponential Lehner, B., Liermann C., et al. (2011) High-resolution mapping : a5 B g v S e P S e ST Ut " . -
S Bl sy Bers (U pelrD) dost s o gom] terized for a generic and/ of the worlds resenvoirs and dams for sustainable- rver flow RS AP mingt B N T Discussion and Conclusions Web Client Application for EPSCOR
EI: _ ing Rule for Dams ( paRD) that can be readily parame_ erl_ze or a gener_lc a:n or management. Frontiers in Ecology and Environment 9(9): 494-502. ' ) i AT S . = 0 Ol e ?d i s MOdellng Framework (RIMS Prototype)
sp_eC|f|c dam purpose. The key featurgs of the_LEOpaRD_ f(_)rmulatlon include a combination of ’ 5 Nevada/Ar bord ABTEEE G B & 4 {ﬁ}a | | » : -
adjustable logarithmic and exponential functions describing the release of water from the oover Lam, Nevada/arizona border e g e ek da Primary Purpose Advantages of the new Log-Exponential OPerAting Rule for Dams (LEOpaRD) vs. A e
reservoirs and other adjustable parameters for minimum storage and two exponent curvature & —————— & Not Defined traditional approaches are- — — =
coefficients (one each for logarithmic and exponential functions). In the LEOpaRD model the 4 Deris Control . o . . e ——— |
) : : . - on/Ei « Simple parameterization that requires small number of variables to work. EESLUR R I e iy P st
dam discharge/release calculations are normalized to Average Annual Discharge (AAD), ], gl UG 3 ®  fire Protection/Fish Pond Piep . e Jvd-l-l E— Temparstiy 1 otadaa Link
which, in turn, is taken as a running average of the past 5 years. The latter is critical to FEELS Sl a N zs‘“jr: “":’"‘:"fep[’”” « Same generic rule can be applied to different purpose reservoirs (hydroelectricity, ose = 2100720 =— g
. . . . . . . AR N veme HmCCET : ood Contro .. . . ’ ’ ’
simulate dam fill-up periods and shifts in the hydrological cycle over long-term climate Lﬁ—1 iqrgr-.._i,,_,l:;_ r"__:- B Hycrosectic irrigation, etc.) through just four adjustable (by calibration) parameters. a
variability (e.g. climate change and direct human modification). £ RECURED e . L : : : : £
e *  Imgation « Can be easily incorporated into Global or regional WBM/WTM framework since it E i 6
: : : ¢ Navigation ; ; ] : _ - - .
Here we present testing of the LEOpaRD rules in both regional and global model runs. Other rz_qwrr]es JUStttWO dwiteg routing yarlables (e})flcurrﬁnt h(tlme se;rles) inflow | 1 o » /
Results indicate a very good match of observed vs. modeled reservoir release flows for a B Recreation (discharge) rate, and (b) 5-year running average inflow (discharge) rate. )4
- . . Resample data | Bilinear
number of Iarge, medium, and small re_latlve-capamty dam_s. We also fc_)und thgt LEOpaRD TS By 4 Tailings , , = ). EF - LEOpaRD adapts to climate (runoff) variability/change in case of long time series Stads dats_ono_[5]
produces satisfactory results for dam fill-up periods following construction, which can take : g _a %  Water Supply simulations (50+ years) by using 5-year running average parameterization. So, it V- — ~\
several years for large dams. Dam removal flow can also be simulated by linear reduction of e Iy FI_W can be used for IPCC ARA4/5 climate drivers for hydrology regime modeling. (Provos) 200 [] iy 2] =[] (e |-
reservoir capacity to zero over the residence time of the reservaoir. o S, y th Global (GRanD) . onal (NID) d | F - S
: : - : . e new algorithm works wit oba an and regiona am UL g
Parameterization, Based on the Dam Use Simulated and Observed Discharge atabaces | oo LT
Table of suggested parameters for Equation (1) Large Dams from GRanD Database o o _ _ N . N 8 st conae il |
R - O t R | 12000 . . | . . . 7000 | | | | | » Reservoir fill-up (after construction is completed) is reasonably well simulated ) o o Do oo
eservolir pel'a N g uie Nash-Sutcliffe Coeff. = 0.36 Sayano-Shushensky Reservoir Nash-Sutcliffe Coeff. = 0.48 Bukhtarminsky Reservoir without change of basic parameters specific to its purpose (hydroelectricity, etc.). g B
Dam Pu rpose Soptimal Comment I K I . Choose Map Size ’Map Information Layers @ Link to this page \
10000 | | ——No dam algorlthm - 6000 No dam algorlthm . . 640 x 640 E] . . ) 5 ?é!}i}gt%iigpage Calculator Symbol for this dataset-
: : : : : | | D aleotrith e Darm aleotrith » Accounts for water evaporation/loss from the surface of the reservoir. e e ot P s ok vl bl A 7
Reservoir release is a function of reservoir storage level. The rule consists of two segments- Dam is not built yet am algotrithm am algotrthm ([ 0ver bota Catuttor Secton }— §
0.2 0.8 10 2/3 Works for most of dams ¥ | Observed 5000 Observed
: : : . : 8000 T = "
1. Rule at reservoir storage below optimal level (e.g. 80 % full) - Logarithmic behavior. Steeper curve to keep high water © y Dam fill period 2 | o _ _
2. Rule at reservoir storage above optimal level (e.g. 80 % full) - Exponential behavior. VG 0.2 0.9 40 1 el E / E 4000 Dlsadvlant;';lges (or problems to overcome in subsequent research) of the Log- i RSB i) - Ay e i e
% 6000 - 80 Exponentia rules are- T st EPSCoR MapServr st il 2 sl et o e e e of s Sy s, an ol St 5 iz s il sl et
@ ©
S 53000 - | « :
The rule is based on two characteristic points and five parameters- Irrigati a1 . - 1/2 Flatter curve to have more even 8 1000 a  LEOpaRD works better for large capacity dams where outflow regime is regulated 1. Data search/selection, spatial navigation, 6. Data interpolation and shading tools;
rrigation - ; . 1 : : i i metadata link, etc.; 7. Point/station data list with clickable
discharge 2000 - IEEE TR 1N daily by dam o_peratlng staff. But it perforrr_ls poorly _for uncontrollable spillover 2. Coordinate and map data value reader. S i P e
1. Optima| level of reservoir storage (80 % fu||) when reservoir is at its 0ptima| level the 2000 ‘ | 11 | \\ L | small dams which usually have low regulatlng capacity. Database (mostly N|D) 3. Pixel querytoolh(i-éool)gets codordinatles, . Is;egl);rate broyvserwindoxv; Data Calel
: . ' , ‘ . mAEIRLAE D . : : £ try, wat , t ;8. -out section t t t t
reservoir release is equal to average annual discharge. Natural Lake 0.0 0.5 16 2/3 Smooth curve, release is smoothed | | \ | 1000 7 UL LR N 1% tags on small reservoir purposes are forcing the LEOpaRD _to apply spe_cmc dam . ??#2 ;yerfg flfvigaﬂg;‘ torgl"j‘p ata value agpliga“tijrffo'%gr%{fn”mafhef‘n Zﬁcgl":n":‘j‘”
2. Minimum allowed reservoir release (20 00 of average annual discharge)_ ) | ) inflow ; v J\l\’\;\d\b\l\,\' \lw \j\)\l \IWJ\‘\IV purpose parameters while it would do better by overwriting those with “lake” 5. Mhap size, base layer, dynamic legend ICcIJgicaI functions over gridded or vector
= - = T T O T T T T T T T T T T T T T T T T T T T 1 , t t ,
3. Average annual discharge is calculated over past 5 full years (the present year is not 050 1085 1000 1995 2000 2005 2010 om0 1035 1990 1995 2000 005 2010 rule/purpose parameters (see Table of this poster). oS TER
: i Year Year . - . .
4 g(.:corl: TR ascl:o cing .pa”'f’?' yeF?r). | : bel * Aresponse to downstream water demand is not built in yet. It is mostly important
- Discharge to Capacity ratio (Regulatory capacity- see below). Generic Hydropower R T Large volume dams are always regulated to maintain for irrigation and water supply purpose reservoirs.
5 5 sssen.o 2T Fill period : }efore dam is built - an optimal water release rate that ideally must be an 5 t (f t r t dwat | which ‘
. ‘ a5 a5 \ After annual average flow (graphs on the left). _otesl no aCC_OLIJDn or v;/a er se(tapagetosds 0 gt]roun 1:\I/va er pool which makes
Reservoir Operating Rule 4 1 g s T J ] A spike release occurs when reservoir storage exceeds virtual reservolr by-pass from upstream to downstream How.
> 33'5 Exponential Release Rule ':_3‘5 Exponential Release Rule 5“’““'“;’ : % ma:aﬁ m 80 % of its Capacity. Frequency of Spike releases is a This work is still in progress as part of WBM_TrANS deve|0pment efforts led by
. g3 ~./ § ~. j\ ; S function of regulatory capacity (RC). Reservoirs with small International team of co-authors.
PN P R SLIL L NESOTRPSSIANS: RC have a spike release almost year (graph above).
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