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business losses were evaluated as part of the economic damage analysis for the 2012 CVFPP, and a 
reconnaissance-level cost estimate of field and non-field costs was performed for the SSIA. The analysis 
used the Impact Analysis for Planning input-output model (IMPLAN) to estimate multiplier effects for 
annual long-term reductions in business losses and annual short-term construction period expenditures. 
 
 

Session 6.  2012 HydroGeoSphere Enhancements and Applications 

Linkage of HydroGeoSphere Simulation and Differential Evolution Optimization Models: 
An Enhancement – Chin Man W. Mok (AMEC), Miao Zhang (AMEC), Raghu Suribhatla 
(AMEC), and George Matanga (AMEC) 
 
The authors are developing a decision support system (DSS) which provides a valuable simulation-
optimization tool to assist water managers in assimilating water-resource data, simulating the response of 
hydrologic processes under fully-integrated surface-water and groundwater systems, coping with 
uncertainties, and making optimal decisions for cost-effective management of water resources. Due to 
complexity of hydrologic systems, managers’ knowledge of such systems is most often incomplete and 
predictions of future circumstances are inherently uncertain. The DSS allows water managers to account 
for uncertainties associated with model parameters, forecasting of hydrologic events, water supplies, and 
water demands. Furthermore, It provides an integrated framework for building, evaluating and 
communicating the net impact of their decisions to different stakeholders. The DSS includes several 
modules linked with each other to facilitate optimal objective decision-making subject to specified 
operational and regulatory constraints. One of the modules involves the linkage of the HydroGeoSphere 
numerical model and a Differential Evolution (DE) optimization model. HydroGeoSphere is a physically-
based numerical model which is increasingly being applied to simulate the outcome of different water 
management strategies. The DE method has the flexibility to deal with non-linearity of the objective and 
constraint functions. In this presentation, we will describe the conceptual framework of the DSS and 
HydroGeoSphere-DE linkage.   
 
San Joaquin Valley HydroGeoSphere Model (SJVHGSM): An Application  
Kirk Nelson, Lisa Rainger, Nigel Quinn, and George Matanga (Reclamation) 
 
An application of HydroGeoSphere for the San Joaquin Valley has been developed for the evaluation of 
potential land subsidence impacts due to additional groundwater withdrawal during drought years in the 
San Joaquin River Basin. This application makes use of a recently incorporated land-subsidence module 
in HGS that is based on the SUB package of MODFLOW. This module incorporates Terzaghi’s 1D 
instantaneous compaction principle, allowing for subsidence simulation capabilities. Model 
parameterization has been based primarily on the physical and hydrological input data used in the 
construction of the USGS Central Valley Hydrologic Model (CVHM), the premise being that use of 
common datasets will increase model confidence (in the event of consistent results) and/or facilitate 
understanding of the most important governing processes of a given problem (in the event of significant 
differences in model results, because these differences can be linked to differences in process 
representations); this can also help to identify the appropriate range of conditions to which the various 
modeling tools that are available can be applied. Model calibration has been undertaken using historical 
water level and compaction data for the period 1961 through 1982, and model verification based on data 
from 1982 to 2003. Initial focus is in the vicinity of the Delta-Mendota Canal (DMC) for the purpose of 
analyzing additional groundwater pumping that has been proposed in the case of dry-year conditions.   
 
Application of a Fully-Integrated Surface-Subsurface Numerical Model in Conjunctive 
Analysis of Water Flow at a Large Scale
George Matanga and Lisa Rainger (Reclamation) 
 
In the management of basin-wide water systems, there is an increasing emphasis on problems that 
require conjunctive analyses of surface and subsurface hydrologic processes, as well as their interactions 
along the surface/subsurface interfaces. Success of conjunctive analyses of the hydrologic processes will 
mainly depend on availability of robust fully-integrated surface and subsurface hydrologic numerical 
models that conceptually account for the hydrologic processes within and at the interface of surface and 
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Water Plan Update 2013 - Rich Juricich (DWR) 
 
A summary of the major enhancements underway for Update 2013 of the California Water Plan. 
 
Impact of Groundwater Banking and Extraction Program on Stream-Aquifer Interaction in 
North American GW Subbasin – Ali Taghavi (RMC), Robert Swartz (Sacramento 
Groundwater Authority), and Mesut Cayar (RMC) 
 
The Sacramento Integrated Water Resources Model (SacIWRM) is an analytical tool that has been used 
in the Sacramento region since 1992. Recently updated in 2008, the model is used by water managers 
and decision makers in Sacramento County to evaluate the impacts and benefits of water resource 
projects on the groundwater system and on stream-aquifer interaction. For this study, the SacIWRM was 
utilized to estimate the change in stream-aquifer interaction along the American River, Sacramento River, 
and throughout the Sacramento Valley resulting from the extraction of banked groundwater in Northern 
Sacramento County. 
 
To simulate the effects of the extraction of banked groundwater, a SacIWRM model scenario was 
developed where municipal groundwater production was increased above baseline levels by an additional 
16,000 ac-ft for a single dry year. The change in stream-aquifer interaction due to extraction of banked 
groundwater was estimated by comparing the model scenario with the baseline model. Losses in stream 
flow to groundwater were considered both for the entire simulation period and only for the periods when 
the Sacramento Delta was in shortage conditions. To determine the sensitivity of the stream-aquifer 
interaction due to varying hydrology, three versions of the model scenario were developed with the 
extraction occurring in different years: 

 extraction in 1976 (followed by a critically dry year, then average years), 
 extraction in 1987 (followed by several dry years), and 
 extraction in 1994 (followed by several wet years). 

Simulation results show that there was an increase in stream flow loss to groundwater by 6% – 8% of the 
additional amount extracted (up to 1,350 ac-ft) for a 5-year period following the extraction of the banked 
groundwater. Stream flow losses varied by approximately 2% of the amount extracted depending on the 
hydrology of the subsequent years after extraction occurs. On average, 69% of the total stream flow loss 
occurred in the lower American River, 23% occurred in the Sacramento River, 3% occurred in other 
simulated streams and rivers, and an estimated 5% occurred in streams and rivers outside the model 
area. 
 
Integrated Regional Water Management Tool: HydroDMS - Jeanna Long, Saquib Najmus, 
Ali Taghavi, Yamin Noor, and Mesut Cayar (RMC) 
 
Integrated Regional Water Management (IRWM) is a collaborative process that crosses jurisdictional 
boundaries, involves multiple agencies, stakeholders, and groups and attempts to address the issues and 
different perspectives of all the entities involved through mutually beneficial solutions. The success of the 
IRWM depends on transparency of data sharing and analysis due to the intensive involvement of multiple 
stakeholders with multiple perspectives in the IRWM process. In order to facilitate the transparency 
needs, web-based tools have been recently developed to support the collaborative efforts to manage all 
aspects of water resources in a region. The Hydrologic Database Management System (HydroDMS) is a 
comprehensive web-based data management tool that stores water resources and hydrologic data in a 
relational database management system that may be analyzed and viewed in a map-based Google or 
ArcGIS interface. The HydroDMS is built upon a state-of-the art system architecture that combines the 
power of GIS with web technology. It provides a consistent, common database that streamlines reporting 
and compliance and fosters public outreach and education through a number of interfaces that are 
tailored to the public users, technical staff, and decision makers. While hiding the complexity of the 
database and system architecture, the system provides a suite of easy-to-use comprehensive tools that 
mimic the user's workflow process while they enter and validate water related data and perform complex 
analysis. It allows data storage, data sharing, data analysis, and reporting in a cost effective manner 
among all users and stakeholders. The HydroDMS can also store and display input and output of 
hydrologic models. 
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