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Foreword 

The U t a h Water Research L a b o r a t o r y ( U W R L ) at U t a h State U n i v e r s i t y (USU) receives 2-1/4% of a l l 
deposits m a d e to the M i n e r a l Lease A c c o u n t , " to be used for act ivit ies c a r r i e d o u t b y the U W R L h a v i n g as 
a purpose the d e v e l o p m e n t a n d e x p l o i t a t i o n of w a t e r resources i n the State of U t a h . " 

This r e p o r t is b e i n g s u b m i t t e d to the Legis lature b y the U W R L i n compl iance w i t h H o u s e B i l l 103 
w h i c h w a s passed d u r i n g the 1993 General Session. This l eg is la t ion requires the U W R L to " p r o v i d e the 
Legis lature , t h r o u g h the Of f i ce of the Legis la t ive Fiscal A n a l y s t , w i t h a comple te a c c o u n t i n g of the use of 
that m o n e y ( M L F ) o n an a n n u a l basis." F o l l o w i n g the requi rements of the leg is la t ion , this r e p o r t inc ludes 
the f o l l o w i n g : 

1) A c t u a l e x p e n d i t u r e s f o r FY 2006 
2) B u d g e t e d e x p e n d i t u r e s for FY 2007 
3) P lanned e x p e n d i t u r e s f o r FY 2008 

The r e p o r t is d i v i d e d i n t o an i n t r o d u c t i o n a n d the s u m m a r i e s of each M L F research project . The 
i n t r o d u c t i o n describes the ro le of the U W R L , summar izes the requested M L F e x p e n d i t u r e i n f o r m a t i o n , 
describes the h i s t o r y of the U W R L , a n d discusses h o w the U W R L m a i n t a i n s the re levancy of its research 
p r o g r a m s to U t a h w a t e r p r o b l e m s . Project s u m m a r y reports are g r o u p e d i n t o e ight p r o g r a m areas. A 
table s u m m a r i z i n g actual , b u d g e t e d , a n d p l a n n e d expendi tures f o r FY 2006, FY 2007, a n d FY 2008, 
respect ively, is presented at the b e g i n n i n g of each p r o g r a m area section. 

Each pro ject s u m m a r y r e p o r t begins w i t h a project d e s c r i p t i o n t h a t inc ludes a statement of the 
p r o b l e m addressed a n d research objectives. A c c o m p l i s h m e n t s for FY 2006 are t h e n described. A 
statement of the benefi ts t o the State of U t a h is also p r o v i d e d . 

This r e p o r t w i l l be r e v i e w e d b y the C o m m u n i t y a n d Economic D e v e l o p m e n t A p p r o p r i a t i o n 
Subcommit tee of the Legis la ture as p a r t of its n o r m a l b u d g e t a r y process u n d e r T i t le 63, Chapter 38, 
B u d g e t a r y Procedures A c t . T h e U W R L welcomes any comments or quest ions t h a t resul t f r o m this r e v i e w . 

M a c McKee 
U W R L Direc tor 
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Introduction 



Introduction 

Role of the Utah Water Research Laboratory 

Research p r o g r a m s at the U t a h Water Research L a b o r a t o r y ( U W R L ) d i r e c t l y address current a n d 
f u t u r e needs of the state, the n a t i o n , a n d the w o r l d . State a p p r o p r i a t i o n f u n d s (SAF) a n d m i n e r a l lease 
f u n d s ( M L F ) are used to address p r o b l e m s fac ing the State of U t a h . I n FY 2006, SAF a n d M L F accounted 
for 36% of to ta l U W R L e x p e n d i t u r e s w i t h the balance c o m i n g f r o m federal , p r i v a t e , a n d other state 
sources. M L F f u n d s are present ly used to m a t c h external ly f u n d e d projects, thereby leveraging s igni f icant 
a d d i t i o n a l f u n d i n g for s o l v i n g i m p o r t a n t U t a h w a t e r p r o b l e m s . T o t a l U W R L expendi tures for FY 2006 
were $8.6 m i l l i o n . 

The U W R L is o r g a n i z e d i n t o e ight major research p r o g r a m s s u p p o r t e d b y the E n v i r o n m e n t a l 
D i v i s i o n , the Water D i v i s i o n , a n d the I n t e r n a t i o n a l Off ice for Water a n d Science E d u c a t i o n ( IOWSE). 
Brief s u m m a r i e s of these major research p r o g r a m s u n d e r these three d i v i s i o n s are presented at the e n d of 
this I n t r o d u c t i o n section. 

The U W R L research p r o g r a m related to M L F is v e r y diverse as i n d i c a t e d b y the project summaries i n 
this r e p o r t . The o v e r a l l research p r o g r a m , f u n d e d b y b o t h state f u n d s a n d external contracts a n d grants, 
is even broader . W e c o n t i n u e to be i n v o l v e d i n m a n y field-scale so i l a n d w a t e r r e m e d i a t i o n research 
projects. A t several e x p e r i m e n t a l watersheds, w e are i n v e s t i g a t i n g h y d r o c l i m a t o l o g i c a l processes. O u r 
h y d r a u l i c s , e ros ion c o n t r o l , a n d e n v i r o n m e n t a l - q u a l i t y laboratories are i n v o l v e d w i t h a range of 
exper imenta l w o r k a n d service projects tha t u t i l i ze our u n i q u e faci l i t ies . C o m p u t e r models , remote 
sensing, geographic i n f o r m a t i o n systems, d i g i t a l t e r r a i n models , exper t systems, a n d m a n y other m o d e r n 
technologies are d e v e l o p e d a n d a p p l i e d i n o u r research projects a n d are u s e d to deve lop tools for w a t e r 
a n d e n v i r o n m e n t a l managers a n d professionals i n U t a h . The U W R L also prepares guidance materials for 
use b y pract i t ioners . Some projects are re la t ive ly s m a l l i n scope w h i l e others i n v o l v e i n t e r d i s c i p l i n a r y 
teams a n d co l labora t ion w i t h m u l t i p l e agencies a n d w i t h the p r i v a t e sector. 

I n a d d i t i o n to o u r research role , w e cont inue to be i n v o l v e d i n u n i v e r s i t y graduate a n d 
u n d e r g r a d u a t e e d u c a t i o n t h r o u g h h a n d s - o n projects, p a r t - t i m e e m p l o y m e n t , a n d research assistantships. 
W e are also i n v o l v e d i n p u b l i c a n d profess ional service, technology a n d i n f o r m a t i o n transfer, a n d p u b l i c 
educat ion . A l m o s t a l l research a n d a p p l i e d projects i n c l u d e s t u d e n t i n v o l v e m e n t , a n d resul t i n masters 
or d o c t o r a l degrees. Seventy-e ight graduate students were s u p p o r t e d i n FY 2006. U n d e r g r a d u a t e s tudent 
i n v o l v e m e n t i n U W R L projects is s igni f icant , as s tudent e d u c a t i o n a n d t r a i n i n g are in tegrated w i t h o u r 
basic a n d a p p l i e d research p r o g r a m s . The U W R L e m p l o y e d a p p r o x i m a t e l y 34 u n d e r g r a d u a t e students i n 
FY 2006 t h r o u g h l e v e r a g i n g of M L F a n d SAF s u p p o r t to b u i l d the larger to ta l U W R L p r o g r a m . A s they 
are h i r e d b y U t a h e m p l o y e r s , o u r s tudents become effective means of t echnology transfer f r o m the 
U W R L to the U t a h w a t e r a n d e n v i r o n m e n t a l c o m m u n i t i e s to assist w i t h wise w a t e r use w i t h i n d r o u g h t 
c o n d i t i o n s . Technology a n d i n f o r m a t i o n transfer are focused o n p u b l i c educat ion , a n d o n w o r k i n g w i t h 
the U t a h D e p a r t m e n t of N a t u r a l Resources, Water Resources D i v i s i o n , the U t a h D e p a r t m e n t of 
E n v i r o n m e n t a l Q u a l i t y , the t w e l v e U t a h local hea l th depar tments , a n d several large water users 
organizat ions . 

History of Utah Water Research Laboratory 
The U t a h legis lature a u t h o r i z e d the establ ishment of the U W R L at U t a h State U n i v e r s i t y i n 1959 as 

a n i m p o r t a n t c o m p o n e n t of the State of Utah 's c o m m i t m e n t to w a t e r resources research. C o n s t r u c t i o n 
w a s c o m p l e t e d i n December 1965, a n d i n c l u d e d one of the best h y d r a u l i c s laboratories i n the U n i t e d 
States a n d a u n i q u e eros ion test ing fac i l i ty w i t h a large r a i n f a l l s i m u l a t o r . Sixteen years later, an extensive 
r e m o d e l i n g project , i n c l u d i n g the a d d i t i o n of an e n v i r o n m e n t a l q u a l i t y l a b o r a t o r y , w a s completed . I n 
a d d i t i o n to the p h y s i c a l faci l i t ies , the State of U t a h p r o v i d e s s ta te -appropr ia ted f u n d s (SAF) a n d m i n e r a l 
lease f u n d s ( M L F ) for research s u p p o r t at the U W R L . 

I n 1964, Congress a p p r o v e d the Water Resources Research A c t t h a t created a water research ins t i tute 
i n every state. T h e U t a h i n s t i t u t e , k n o w n as the U t a h Center for Water Resources Research ( U C W R R ) , 
w a s establ ished at the U W R L as a p a r t of the n a t i o n a l n e t w o r k of water research inst i tutes . Tota l research 
f u n d i n g t h r o u g h the U W R L was m o r e t h a n 8.6 m i l l i o n i n FY 06, m a k i n g i t one of the largest inst i tutes i n 
the n a t i o n . I t is also one of the m o s t p r o d u c t i v e i n terms of research p u b l i c a t i o n s a n d graduate s tudent 
educat ion . 
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There are 24 facu l ty a n d 38 s u p p o r t staff at the U W R L . D u r i n g FY 2006, 43 master's students a n d 35 
doctora l s tudents received s u p p o r t f r o m U W R L projects. A n a d d i t i o n a l 34 u n d e r g r a d u a t e students 
assisted w i t h U W R L research. U W R L f a c u l t y collaborate w i t h colleagues f r o m other U S U depar tments , 
facul ty f r o m other i n s t i t u t i o n s , profess ionals f r o m the p r i v a t e sector, a n d g o v e r n m e n t agencies i n U t a h , 
a n d elsewhere. Several of o u r facul ty , i n c l u d i n g the f o r m e r U W R L Direc tor , have been a w a r d e d the U t a h 
Governor ' s M e d a l for Science a n d T e c h n o l o g y . I n a d d i t i o n , our facu l ty have received m a n y nat ional 
honors a n d r e c o g n i t i o n , a n d served o n n a t i o n a l a n d i n t e r n a t i o n a l e n g i n e e r i n g a n d science panels a n d 
committees . 

Management of USGS 104 Program for State Benefit 
The W a t e r Resources Research A c t of 1964 created a n a t i o n a l n e t w o r k of W a t e r Resources Research 

Inst i tutes (WRRIs) i n the U n i t e d States a n d a n a l l o t m e n t p r o g r a m for p r o v i d i n g f u n d s to the inst i tutes , 
cal led the Section 104 P r o g r a m . T h e U t a h Ins t i tu te , k n o w n as the U t a h Center for Water Resources 
Research ( U C W R R ) , is located at the U t a h Water Research L a b o r a t o r y ( U W R L ) . C u r r e n t l y , the Section 
104 P r o g r a m is f u n d e d at a n a n n u a l leve l of a p p r o x i m a t e l y $90,000 of federal f u n d s . This year, w e used 
the base g r a n t f r o m the U.S. Geologica l Survey (USGS) i n c o m b i n a t i o n w i t h M L F s u p p o r t to d i r e c t l y 
benef i t the State of U t a h i n areas of: (1) large i r r i g a t i o n sys tem management , w i t h appl ica t ions specif ical ly 
a i m e d at the Sevier R iver Basin, (2) aquatic a n d r i p a r i a n habi ta t m a n a g e m e n t i n the V i r g i n River Basin, 
a n d (3) aquatic m a n a g e m e n t a n d endangered species recovery i n the P r o v o River Basin. I n the f u t u r e , w e 
w i l l cont inue to use the USGS 104 P r o g r a m s u p p o r t to deve lop a p p l i e d research tools a n d accompl ish 
i n f o r m a t i o n a n d t e c h n o l o g y transfer to address Utah's water q u a n t i t y a n d q u a l i t y p r o b l e m s . 

W e w i l l cont inue to use the USGS 104 P r o g r a m s u p p o r t to d e v e l o p a p p l i e d research i n f o r m a t i o n a n d 
to accompl i sh t echnology transfer for source water p r o t e c t i o n strategies, tools deve lopment , a n d 
p r o g r a m s across the State of U t a h . 

Mineral Lease Fund Expenditures 
The table at the e n d of th is I n t r o d u c t i o n section s u m m a r i z e s the actual , b u d g e t e d , a n d p l a n n e d 

expendi tures of M L F al located to the U W R L for FY 2006, FY 2007, a n d FY 2008 b y the e ight major 
research p r o g r a m areas. A b r e a k d o w n of these expendi tures b y i n d i v i d u a l projects is conta ined i n tables 
presented at the b e g i n n i n g of each research p r o g r a m area section of th is r e p o r t . U W R L a d m i n i s t r a t i o n 
a n d technology transfer e x p e n d i t u r e s accounted for a p p r o x i m a t e l y 4 % of to ta l M L F b u d g e t e d a n d 
p l a n n e d e x p e n d i t u r e s i n FY 2006. 

Relevancy and Benefits of the Mineral Lease Fund 
Research Identification 

I n FY 2006, U W R L f a c u l t y k e p t current o n state a n d n a t i o n a l w a t e r research needs t h r o u g h 
profess ional a n d service act ivi t ies a n d t h r o u g h research o n i m p r o v i n g ef f ic iency d u r i n g d r o u g h t 
c o n d i t i o n s . The U t a h Center for W a t e r Resources Research ( U C W R R ) p a r t i c i p a t e d as a n active m e m b e r 
o f the N a t i o n a l Ins t i tutes for Water Resources ( N I W R ) . I n a d d i t i o n , U W R L f a c u l t y p a r t i c i p a t e d as a 
m e m b e r of the Lake P o w e l l Technica l A d v i s o r y C o m m i t t e e act ivi t ies to i d e n t i f y research needs a n d 
arrange col laborat ive research efforts . The c u r r e n t D i r e c t o r represented the U W R L t o the Univers i t ies 
C o u n c i l o n Water Resources ( U C O W R ) . The U W R L also p a r t i c i p a t e d i n the U.S. D O E - s p o n s o r e d I n l a n d 
N o r t h w e s t Research A l l i a n c e ( I N R A ) . The f o r m e r U W R L D i r e c t o r served as the U n i v e r s i t y Programs 
C o o r d i n a t o r (UPC) for I N R A , a n d the c u r r e n t U W R L direc tor served o n the I N R A C o o r d i n a t i n g 
C o m m i t t e e , w h i c h is charged w i t h secur ing e x p a n d e d f u n d i n g s u p p o r t for the I N R A univers i t ies . The 
U W R L Direc tor , Associate Direc tor , a n d m a n y faculties m e t f r e q u e n t l y w i t h state a n d federal agency 
managers a n d personnel f r o m local water organizat ions to discuss research needs a n d o p p o r t u n i t i e s for 
the U W R L to r e s p o n d to these needs. U W R L facul ty were also active i n state sections of professional 
organizat ions , such as the A m e r i c a n W a t e r Resources Assoc ia t ion , the A m e r i c a n Society of C i v i l 
Engineers , the A m e r i c a n W a t e r W o r k s Assoc ia t ion , a n d served o n state, local , a n d n a t i o n a l committees . 

1-4 



Introduction 

A l l these act ivi t ies p r o v i d e d o p p o r t u n i t i e s to i d e n t i f y current a n d f u t u r e research needs tha t w i l l affect 
our state a n d the n a t i o n . 

We c o n t i n u a l l y seek to s t rengthen the U W R L research i d e n t i f i c a t i o n process to m a i n t a i n relevancy of 
our research p r o g r a m s to U t a h . We d o this t h r o u g h p a r t i c i p a t i o n o n state commit tees . The f o r m e r U W R L 
Direc tor serves o n the D E Q Water Q u a l i t y B o a r d , U W R L Facul ty m e m b e r D r . W i l l i a m J. Doucet te serves 
o n the B o a r d of the U t a h S o l i d a n d H a z a r d o u s Waste C o n t r o l , a n d D r . L a u r i e M c N e i l l serves o n the D E Q 
D r i n k i n g Water B o a r d . D r . D a r w i n L . Sorensen is a m e m b e r of the Lake P o w e l l Technical A d v i s o r y 
C o m m i t t e e . The U W R L also encourages f a c u l t y p a r t i c i p a t i o n i n meet ings a t tended b y the U t a h water 
c o m m u n i t y , such as the U t a h Water User's Assoc ia t ion A n n u a l M e e t i n g , the U t a h R u r a l Water User's 
Associat ion, the Water E n v i r o n m e n t Assoc ia t ion of U t a h , the A n n u a l U i n t a Basin Water Conference, the 
U t a h A n n u a l Water S u m m i t , the U t a h League of Cities and T o w n s , a n d the recent ly f o r m e d U t a h On-Site 
Wastewater T r e a t m e n t A s s o c i a t i o n ( U O W A ) . 

Outreach 
The m i s s i o n of the U W R L inc ludes outreach act ivit ies re lated t o p u b l i c service, i n f o r m a t i o n 

d isseminat ion , t e c h n o l o g y transfer , a n d shor t courses. These act ivi t ies are p r o v i d e d for the benef i t of 
U t a h state a n d local agencies, elected off ic ials , U t a h citizens, a n d the n a t i o n . O u t r e a c h is p r o v i d e d b y 
facul ty , staff, and s tudents associated w i t h the U W R L . A d d i t i o n a l outreach is p r o v i d e d t h r o u g h o u r 
W o r l d W i d e W e b ( W W W ) site: h t t p : / / w w w . e n g i n e e r i n g . u s u . e d u / u w r l . 

Public Service 
U W R L f a c u l t y serve o n state a n d local a d v i s o r y panels to p r o v i d e technical expertise, i n p u t , a n d 

r e v i e w of water - re la ted issues. Specific panels i n c l u d e : U t a h Water Q u a l i t y B o a r d , U t a h Sol id a n d 
H a z a r d o u s Waste C o n t r o l B o a r d , Lake P o w e l l Technical A d v i s o r y C o m m i t t e e , Salt Lake C o u n t y So l id 
Waste M a n a g e m e n t C o u n c i l , the State of U t a h Wastewater T r e a t m e n t P lant O p e r a t o r Cer t i f i ca t ion 
C o m m i t t e e , a n d the U t a h D r i n k i n g Water B o a r d . I n a d d i t i o n , U W R L personne l are f r e q u e n t l y i n v i t e d to 
p r o v i d e technical a n d i n f o r m a t i o n a l presentat ions before state a n d n a t i o n a l profess ional g r o u p s such as 
the A m e r i c a n Water W o r k s Assoc ia t ion . 

Information Dissemination and Technology Transfer 
U W R L i n f o r m a t i o n d i s s e m i n a t i o n , outreach, a n d technology transfer act ivi t ies inc lude the 

p u b l i c a t i o n of research results i n profess ional j ourna l s ( l is ted i n the Publ i ca t ions section of th i s repor t ) , 
d i s t r i b u t i o n of i n f o r m a t i o n o n v a r i o u s U W R L a n d U C W R R w e b pages, presentat ions before var ious 
profess ional societies a n d interest g r o u p s at meet ings i n the state a n d a r o u n d the country , a n d 
sponsorship a n d p a r t i c i p a t i o n i n n u m e r o u s short courses a n d t r a i n i n g p r o g r a m s . 

T h e U W R L w e b page ( h t t p : / / w w w . e n g i n e e r i n g . u s u . e d u / u w r l ) p r o v i d e s general i n f o r m a t i o n about 
the U W R L a n d its personnel , a n d f r o m t i m e - t o - t i m e p r o v i d e s a feature article o n d i f fe rent research 
projects, facul ty , s tudents , a n d g r o u p s f r o m the U W R L . The U t a h On-Site Wastewater T r e a t m e n t 
T r a i n i n g P r o g r a m at the U W R L p r o v i d e s on-site wastewater t r a i n i n g i n s u p p o r t of the State of U t a h 
cer t i f i ca t ion p r o g r a m for on-site was tewater t rea tment professionals . U n d e r g r a d u a t e a n d graduate 
s tudents par t ic ipate t h r o u g h projects that i n v o l v e hands-on , r e a l - w o r l d act ivi t ies . A d d i t i o n a l i n f o r m a t i o n 
can be f o u n d at: h t t p : / / w w w . e n g i n e e r i n g . u s u . e d u / u w r l / t r a i n i n g . 

T h e U W R L has p r o v i d e d d o n a t i o n s t o the Society of W o m e n Engineers (SWE), U t a h State U n i v e r s i t y 
Chapter , enab l ing 12 m e m b e r s t o a t tend the a n n u a l SWE conference i n Salt Lake C i t y , U T . The U W R L 
has hos ted meet ings of the U t a h So l id a n d H a z a r d o u s Waste C o n t r o l B o a r d , i n c l u d i n g l u n c h a n d t o u r of 
the U W R L . The U W R L has also hosted meet ings of the U t a h Assoc ia t ion of L o c a l Boards of H e a l t h . 

O u t r e a c h a n d service s u p p o r t p r o v i d e d b y f a c u l t y of the U W R L have been recognized b y the G i r l 
Scouts of U t a h for assistance i n p r o v i d i n g m a t h , science, a n d e n g i n e e r i n g experience t o g i r l s i n Cache 
V a l l e y , aged 5-15, for the 2003-2006 years. 

I n the course of a year the U W R L hosts n u m e r o u s delegations f r o m other countr ies that have interest 
i n the research c o n d u c t e d at the U W R L a n d i n the capabil i t ies tha t U W R L professionals c o u l d offer to the 
s o l u t i o n of their w a t e r p r o b l e m s . I n the past year, these have i n c l u d e d v is i t s b y delegations f r o m 
Palestine, Pakistan, I n d i a , Spain, I r a n , a n d I raq . 

Some examples of U W R L staff i n v o l v e m e n t i n c o n d u c t i n g technology transfer t o audiences external 
t o U S U i n c l u d e : 
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• U W R L facul ty have d e v e l o p e d an internet-based v i e w e r for Utah 's n a t i v e f i s h species. This has 
p r o v i d e d a n Internet -based sof tware too l that 4 l h a n d 9 t h grade s tudents t h r o u g h o u t the State of 
U t a h can use to l e a r n m o r e a b o u t f i s h i n U t a h , w h i c h is a top ic i n their regular science 
c u r r i c u l u m . Teachers t h r o u g h o u t the state can use this so f tware i n their lesson plans for teaching 
students a b o u t Utah ' s n a t i v e f i s h species. 

• Results of b o t h l a b o r a t o r y a n d f i e l d invest igat ions c o n d u c t e d b y f a c u l t y a n d students of the 
U W R L p r o v i d e cost-saving m e t h o d s for i m p r o v i n g the operat ions of d a m s i n U t a h a n d can be 
expected to p l a y a n i m p o r t a n t role i n the m a n a g e m e n t of the w a t e r s tored i n these facil i t ies. For 
example , w o r k this year o n the f l o w measurement w e i r d o w n s t r e a m of P iute D a m i n the Sevier 
River Basin w i l l i m p r o v e the accuracy of the ex is t ing ca l ibra t ion for the fac i l i ty a n d enable the 
d a m operators to m o r e accurately manage the releases f r o m the reservoir . The results of this 
s t u d y have been shared w i t h the Sevier River Water Users Assoc ia t ion a n d the r i v e r 
commiss ioner responsible for o p e r a t i o n of Piute Reservoir . 

• Researchers at the U W R L f r e q u e n t l y w o r k i n close co l labora t ion w i t h state a n d local agency 
personnel a n d m e m b e r s of the p u b l i c to u n d e r s t a n d a n d seek s o l u t i o n s for resource management 
prob lems . One example is the w o r k of U W R L facul ty a n d students o n Cache Val ley 's air 
p o l l u t i o n p r o b l e m . These col laborat ions have p r o d u c e d n o t o n l y a better scientific 
u n d e r s t a n d i n g of the seasonal a m b i e n t a m m o n i a d i s t r i b u t i o n s i n the va l ley , b u t also a m o r e 
i n f o r m e d set of managers i n Utah 's D i v i s i o n of A i r Q u a l i t y , the I d a h o D e p a r t m e n t of 
E n v i r o n m e n t a l Q u a l i t y , the Bear River H e a l t h D e p a r t m e n t , a n d n u m e r o u s off ic ials i n local city 
a n d c o u n t y g o v e r n m e n t . 

• A s p o p u l a t i o n g r o w t h a n d associated h o u s i n g d e v e l o p m e n t s cont inue to threaten the 
p r e s e r v a t i o n of a g r i c u l t u r a l lands i n U t a h , there is an increased need for accurate a n d t h o r o u g h 
i n f o r m a t i o n o n on-site was tewater t rea tment technologies . T h e U t a h On-Site Wastewater 
T r e a t m e n t T r a i n i n g P r o g r a m at the U W R L helps address these challenges t h r o u g h such means as 
newsletters , educa t iona l brochures , a n d n u m e r o u s w o r k s h o p s a n d t r a i n i n g p r o g r a m s conducted 
a n n u a l l y t h r o u g h o u t the state. 

• The U W R L is act ively engaged i n the d e v e l o p m e n t of cost-effective approaches to acquire a n d 
d isp lay data tha t are i m p o r t a n t for w a t e r resource m a n a g e m e n t i n the state. N u m e r o u s projects 
s u p p o r t e d at the U W R L i n p a r t w i t h M L F f u n d i n g have been i n s t r u m e n t a l i n i m p l e m e n t i n g 
s t r e a m f l o w a n d w a t e r q u a l i t y m o n i t o r i n g stations i n the L o g a n a n d L i t t l e Bear Rivers . Further , 
the U W R L m a i n t a i n s a websi te w h e r e the data f r o m these m o n i t o r i n g stations are a r c h i v e d i n real 
t i m e a n d d i s p l a y e d to v a r i o u s w a t e r users, i n c l u d i n g canal operators a n d personnel at the U t a h 
D i v i s i o n of Water Rights . 

• Researchers at the U W R L have w o r k e d closely w i t h canal managers to i m p l e m e n t m o n i t o r i n g 
technology t h a t w i l l better q u a n t i f y flow rates (greater accuracy a n d m o r e f requent 
measurements) at key locat ions i n i r r i g a t i o n a n d dra inage canals, a n d i m p r o v e opera t ion a n d 
maintenance practices b y the canal companies . These i m p r o v e m e n t s , w h i c h are s t rongly 
s u p p o r t e d t h r o u g h the i n v o l v e m e n t of canal operators w i t h U W R L staff, are expected to resul t i n 
the sustainable conservat ion of w a t e r for i r r i g a t e d a g r i c u l t u r e , m u n i c i p a l i t i e s , a n d i n d u s t r y , as 
w e l l as amel iorate technical a n d legal p r o b l e m s associated w i t h the excessive s t o r m w a t e r r u n o f f 
i n t o the canals d u r i n g r a i n s t o r m s . 

Benefits to the State of Utah 
Specific state benef i ts r e s u l t i n g f r o m M L F research projects are l i s ted at the e n d of each project 

s u m m a r y i n the f o l l o w i n g sections of this repor t . Projects c o n d u c t e d b y the U W R L i n the past year have 
p r o d u c e d act ivi t ies i n every c o u n t y of the state. (Refer to F igure 1 for a t a l l y of U W R L projects b y 
county . ) A f e w examples of recent a n d c u r r e n t benefi ts p r o d u c e d b y M L F f u n d i n g are: 
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• A s w a t e r s u p p l y p ipes age after ins ta l la t ion , they can deve lop corros ion or deposi ts that increase 
f r i c t i o n loss, degrade sys tem per formance , a n d increase o p e r a t i o n costs. U n t i l n o w , the 
m a g n i t u d e of p i p e head loss d u e to p i p e a g i n g has been u n k n o w n d u e to lack of exper imenta l 
data. Studies c o n d u c t e d this year at the U W R L , i n c o l l a b o r a t i o n w i t h the Weber Basin Water 
Conservancy D i s t r i c t a n d the C i t y of Centerv i l l e w i l l greatly i m p r o v e o u r u n d e r s t a n d i n g of the 
effect of p i p e a g i n g o n p i p e roughness a n d h e l p the State of U t a h m u n i c i p a l w a t e r systems d o a 
better job p l a n n i n g a n d m a n a g i n g w a t e r system operat ions . 

• I n u n d a t i o n m a p s are a u s e f u l d e c i s i o n - m a k i n g t o o l f o r emergency m a n a g e m e n t , f l o o d w a r n i n g , 
a n d evacuat ion . U n s t e a d y f l o w m o d e l s such as D A M B R K , F L D W A V , a n d H E C - R A S are 
avai lable for d a m breach analysis . A d v a n c e d GIS tools are also avai lable for processing the 
t e r r a i n data a n d d i s p l a y i n g the results of breach analysis to d e v e l o p i n u n d a t i o n maps. Despite 
these technologica l advancements , their a p p l i c a t i o n seems to lag i n pract ice d u e to labor ious a n d 
t i m e c o n s u m i n g steps i n v o l v e d i n the i r use. Researchers at the U W R L have w o r k e d w i t h 
personnel f r o m the U t a h D i v i s i o n of Water Rights o n a project to address these shortcomings . 
The State of U t a h w i l l benef i t f r o m this w o r k b y h a v i n g a t o o l to d e v e l o p consistent a n d eff ic ient 
GIS-based i n u n d a t i o n m a p s f o r its d a m s . Th is w i l l be especially h e l p f u l to the state's overa l l 
emergency m a n a g e m e n t preparedness. 

• C h l o r i n a t e d solvents, f u e l re lated c o m p o u n d s , a n d explosives have c o n t a m i n a t e d sha l low 
g r o u n d w a t e r at m a n y locat ions i n the State of U t a h , i n c l u d i n g m a n y c o m m u n i t i e s s u r r o u n d i n g 
H i l l A i r Force Base. Previous research conducted b y the U W R L has d o c u m e n t e d the u p t a k e of 
some of these organic c o m p o u n d s i n t o plants b u t l i t t l e e x p e r i m e n t a l i n f o r m a t i o n is available 
r e g a r d i n g the p o t e n t i a l transfer of these c o m p o u n d s i n t o f r u i t s a n d vegetables. The 
E n v i r o n m e n t a l Direc torate at H i l l A i r Force Base ( H A F B ) , the U t a h D e p a r t m e n t of E n v i r o n m e n t a l 
Q u a l i t y , a n d c o m m u n i t y c i t izen g r o u p s are interested i n the p o t e n t i a l c o n t a m i n a t i o n of f r u i t s a n d 
vegetables g r o w i n g i n areas of c o n t a m i n a t e d g r o u n d w a t e r . The results of research done at the 
U W R L o n u p t a k e of these chemicals b y f r u i t s a n d vegetables w i l l d i rec t ly benef i t the 
E n v i r o n m e n t a l M a n a g e m e n t at H A F B a n d the c i t i zen a d v i s o r y g r o u p s tha t m o n i t o r the 
g r o u n d w a t e r p o l l u t i o n a r o u n d H A F B a n d other c o n t a m i n a t e d g r o u n d w a t e r sites. 

• U n d e r s t a n d i n g the p o t e n t i a l i m p a c t that p lants have o n s h a l l o w s o i l / g r o u n d w a t e r systems 
c o n t a m i n a t e d w i t h c h l o r i n a t e d solvents, such as t r i c h l o r o e t h y l e n e (TCE) , is c r i t i ca l i n e v a l u a t i n g 
the p o t e n t i a l effectiveness of p h y t o r e m e d i a t i o n a n d q u a n t i f y i n g the re la t ive i m p a c t of plants o n 
the overa l l n a t u r a l a t t e n u a t i o n processes i n v o l v e d w i t h these h a z a r d o u s chemicals. I n f o r m a t i o n 
r e g a r d i n g the fate of T C E t a k e n u p i n t o plants is also necessary to assess the potent ia l r i s k 
associated w i t h the c o n s u m p t i o n of these p lants b y h u m a n s a n d animals . Tree s a m p l i n g for 
c h l o r i n a t e d solvents such as T C E c o u l d also be used to s u p p l e m e n t the g r o u n d w a t e r m o n i t o r i n g 
efforts used for p l u m e d e l i n e a t i o n . O n g o i n g research at the U W R L o n p l a n t uptake a n d 
p h y t o r e m e d i a t i o n of these chemicals w i l l d i rec t ly benef i t the federa l a n d state agencies charged 
w i t h m a n a g i n g these c o n t a m i n a t e d g r o u n d w a t e r sources. 

• A GIS-based c o m p u t e r data m a n a g e m e n t a n d m o d e l i n g system w a s c o m p l e t e d this year to he lp 
the U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y p r i o r i t i z e act ions needed at sites to protect 
g r o u n d w a t e r suppl ies f r o m c o n t a m i n a t i o n b y c h l o r i n a t e d solvents . Th is pro ject w i l l have a direct 
a n d p o s i t i v e i m p a c t o n cit izens t h r o u g h o u t the state as c h l o r i n a t e d solvent i m p a c t e d 
g r o u n d w a t e r sites have been i d e n t i f i e d t h r o u g h o u t the Salt Lake V a l l e y as w e l l as i n B o u n t i f u l , 
Delta , L o g a n , O g d e n , Price, Tooele, T r e m o n t o n , V e r n a l , a n d W o o d s Cross. A l l cit izens w i l l 
benef i t f r o m a n i m p r o v e d u n d e r s t a n d i n g b y the U t a h D E Q of p o t e n t i a l g r o u n d w a t e r resource 
c o n t a m i n a t i o n represented b y c u r r e n t a n d his tor ic c h l o r i n a t e d so lvent users, b y their m o r e 
eff ic ient e x p e n d i t u r e of p u b l i c d o l l a r s based o n r i s k - m a n a g e m e n t p r i o r i t i z a t i o n tha t w i l l be m a d e 
possible b y this t o o l , a n d b y the p r e s e r v a t i o n of g r o u n d w a t e r resources i n the state t h r o u g h 
proact ive c o n t r o l of h i g h r i s k sites. 

• The U W R L has s u p p o r t e d water m a n a g e m e n t research i n the V i r g i n River Basin for more t h a n 25 
years. Facul ty a n d s tudents at the U W R L are c u r r e n t l y engaged i n f i e l d based and associated 
technical assessments to a l l o w the V i r g i n River P r o g r a m to c o n d u c t cost-benefit assessments of 
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var ious p r o p o s e d strategic w a t e r s h e d res torat ion actions. T h i s e f f o r t w i l l p r o v i d e cr i t ica l f i e l d 
data, analyses, a n d m o d e l i n g results for use i n strategic w a t e r s h e d p l a n n i n g i n the V i r g i n River 
Basin u n d e r constra ints i m p o s e d b y endangered aquatic species. Related research at the U W R L 
w i l l p r o d u c e a dec i s ion s u p p o r t sys tem (DSS) to p r o v i d e w a t e r s h e d managers i n the V i r g i n River 
Basin w i t h data m a n i p u l a t i o n a n d v i s u a l i z a t i o n tools tha t assist t h e m i n better m a n a g i n g the 
V i r g i n R iver w h e r e w a t e r s u p p l y a n d endangered f i s h species are of concern. 

• June sucker f r y o n t h e i r o u t - m i g r a t i o n f r o m the P r o v o River to U t a h Lake face intense 
c o m p e t i t i o n a n d p r e d a t i o n f r o m i n t r o d u c e d species. Increas ing the s u r v i v a l of th is l i m i t i n g l i fe 
stage is key to the l o n g - t e r m res tora t ion a n d d e l i s t i n g of the species. A project c u r r e n t l y 
u n d e r w a y at the U W R L w i l l p r o v i d e the p r e l i m i n a r y feas ib i l i ty d e s i g n a n d p r o o f of concept for a 
specific r e s t o r a t i o n pro jec t o n the P r o v o River tha t w i l l u l t i m a t e l y lead to i m p r o v e m e n t i n 
endangered f i s h hab i ta t a n d r e c r u i t m e n t . 

• The r u r a l parts of the State of U t a h are s t i l l act ively i n v o l v e d i n a g r i c u l t u r a l activit ies, f r o m crop 
c u l t i v a t i o n to d a i r y f a r m i n g a n d r a n c h i n g . H o w e v e r , m o s t par t s of these a g r i c u l t u r a l l y 
d o m i n a t e d regions of the state have modera te t o severe w a t e r def ic i ts tha t o f ten h i n d e r the f u l l 
i m p l e m e n t a t i o n of the i r des i red a g r i c u l t u r a l goals. I n these u n c e r t a i n t imes of water def i c i t 
condi t ions , fa rmers cannot p l a n for the o p t i m a l l a n d area/crop c o m b i n a t i o n s t o cul t ivate i n a 
g i v e n season to m a x i m i z e the i r a n n u a l p r o f i t s . M o s t M i d w e s t e r n states have sophist icated 
analyt ica l tools avai lable t o the f a r m i n g c o m m u n i t y t o address these concerns so tha t they can 
rotate the i r l a n d use pat terns every season based o n the water de f i c i t a n d local m a r k e t condi t ions . 
C u r r e n t research at the U W R L w i l l deve lop a w e b - o r i e n t e d a g r i c u l t u r a l w a t e r management 
system for the State of U t a h such tha t f a r m i n g c o m m u n i t i e s can use the sys tem to de termine the 
o p t i m a l l a n d area/crop c o m b i n a t i o n to cul t ivate i n a n y g i v e n season k n o w i n g the water de f i c i t 
a n d local m a r k e t c o n d i t i o n s such t h a t a g r i c u l t u r a l p r o f i t s can be m a x i m i z e d . Th is research is 
b e i n g c o n d u c t e d i n c o o r d i n a t i o n w i t h the U t a h D i v i s i o n of W a t e r Resources a n d the U S D A office 
i n Salt Lake C i t y . 

• Research has been u n d e r w a y i n recent years at the U W R L to bet ter u n d e r s t a n d Cache Val ley ' s air 
p o l l u t i o n p r o b l e m . I d e n t i f i c a t i o n of the seasonal a m b i e n t a m m o n i a d i s t r i b u t i o n s w i l l aide i n 
locat ing areas of s i g n i f i c a n t sources w h i c h m a y , i n t u r n , be targeted f o r reduct ions , a n d v e r i f y the 
degree of excess m e t h a n e ( N H 3 ) i n the local area. V e r t i c a l ozone (O s ) p r o f i l e i n f o r m a t i o n 
p r o v i d e s i n f o r m a t i o n o n t o w h a t extent d o w n w a r d v e r t i c a l m i x i n g is responsible for the 
seemingly a n o m a l o u s l y h i g h w i n t e r t i m e O s concentrations. A d d i t i o n a l l y , these data w i l l then be 
avai lable for use b y loca l a n d state regulators . The u l t i m a t e p r o d u c t s of this s t u d y w i l l be 
s igni f i cant c o n t r i b u t i o n s t o the database a n d f i n a l r e p o r t used b y local a n d state regulators to 
he lp manage the a ir q u a l i t y w i t h i n the Cache V a l l e y a i rshed. 

• W i t h the increas ing costs a n d r e g u l a t o r y b u r d e n s associated w i t h a c h i e v i n g n e w a n d p r o p o s e d 
wastewater t r e a t m e n t s tandards , establ ishing sc ient i f ica l ly defensible o p t i o n s for the beneficial 
use of b ioso l ids generated w i t h i n the State of U t a h has become a n u r g e n t need for the U t a h 
D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y ( U D E Q ) . B e y o n d the challenges associated w i t h b ioso l ids 
management , the U D E Q as w e l l as the U t a h D e p a r t m e n t of N a t u r a l resources are d e v e l o p i n g best 
m a n a g e m e n t practices a i m e d at res tor ing d i s t u r b e d rangelands i n o r d e r to reduce soi l erosion 
a n d to i m p r o v e forage p r o d u c t i v i t y . The U t a h r a n c h i n g c o m m u n i t y is also a n i m p o r t a n t 
s takeholder i n the d e v e l o p m e n t of sustainable practices for u t i l i z i n g b ioso l ids o n rangelands. 
Biosol ids l a n d a p p l i c a t i o n i m p r o v e s range land forage p r o d u c t i v i t y w h i l e r e d u c i n g the need (and 
hence the costs) of u t i l i z i n g chemical fer t i l izers a n d soi l a m e n d m e n t s / c o n d i t i o n e r s to increase 
vegetat ive y i e l d s o n U t a h rangelands. The i n f o r m a t i o n generated f r o m a c u r r e n t project 
conducted b y f a c u l t y a n d students of the U W R L w i l l be i m p o r t a n t to r a n g e l a n d managers as w e l l 
as the U t a h r a n c h i n g c o m m u n i t y i n i d e n t i f y i n g sustainable m e t h o d s for u t i l i z i n g b iosol ids to 
restore the vegetat ive v i g o r of d i s t u r b e d U t a h rangelands. I t is an t i c ipa ted tha t the results of the 
research w i l l l ead to r a n g e l a n d m a n a g e m e n t practices tha t w i l l i m p r o v e the forage va lue of U t a h 
rangelands w h i l e m i n i m i z i n g any adverse e n v i r o n m e n t a l impacts of b ioso l ids disposal . L a n d 
a p p l i c a t i o n of b i o s o l i d s o n d i s t u r b e d rangelands represents a p o t e n t i a l l y cost-effective approach 
for benef ic ia l ly u s i n g the s o l i d residues f r o m treated m u n i c i p a l wastewater . By d e m o n s t r a t i n g 
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that the b i o s o l i d s l a n d a p p l i c a t i o n leads to increases i n b o t h b iomass y i e l d s a n d n u t r i t i o n a l 
q u a l i t y of r a n g e l a n d vegetat ion , b ioso l ids l a n d a p p l i c a t i o n w i l l be r e c o m m e n d e d to U t a h 
a g r i c u l t u r a l / r a n c h i n g specialists as a range land m a n a g e m e n t practice that suppor t s sustainable 
r a n c h i n g i n the State of U t a h . 

• A s water d e m a n d s increase i n the wes tern states a n d as concerns for endangered species a n d 
water q u a l i t y b e g i n to affect the a l locat ion of water resources, greater emphasis w i l l have to be 
p laced o n e f f ic ient water m a n a g e m e n t i f ex is t ing w a t e r r i g h t s are to cont inue to be met . 
I m p r o v e m e n t s i n ef f ic iency of w a t e r m a n a g e m e n t r e q u i r e a low-cos t m e c h a n i s m for o b t a i n i n g 
a n d d i s t r i b u t i n g i n f o r m a t i o n about the state of the w a t e r s u p p l y system. The object of one 
o n g o i n g research pro ject at the U W R L is to deve lop a n d a d d s ign i f i cant data analysis 
f u n c t i o n a l i t y to the e x i s t i n g Sevier River Water Users Assoc ia t ion ( S R W U A ) w e b site to s u p p o r t 
rea l - t ime a n d l o n g - t e r m w a t e r m a n a g e m e n t i n f o r m a t i o n needs. Recent w o r k on this project has 
focused o n d e v e l o p i n g accurate s h o r t - t e r m forecasts of i r r i g a t i o n water d e m a n d . This has 
i n v o l v e d the use of a c o m b i n a t i o n of o n - g r o u n d , rea l - t ime soi l m o i s t u r e measurements , weather 
data, a n d satel l i te i m a g e r y . A p p l i c a t i o n of these a n d re lated technologies i n the Sevier River 
Basin i n the past several years have already s h o w n a d r a m a t i c increase i n the eff ic iency of bas in-
w i d e w a t e r m a n a g e m e n t . S imi lar results c o u l d be achieved i n v i r t u a l l y every r i v e r basin i n U t a h , 
especially those w i t h substant ia l i r r i g a t e d a g r i c u l t u r e . These forecast ing techniques c o u l d s u p p l y 
system managers w i t h i n f o r m a t i o n necessary to m o r e precisely c o n t r o l the o p e r a t i o n of large 
i r r i g a t i o n systems, thereby s a v i n g w a t e r a n d increasing the o v e r a l l p r o d u c t i v i t y of the system. 

• H e a v y rains i n 2005, c o u p l e d w i t h h i g h g r o u n d w a t e r levels a n d other unfavorab le h y d r o l o g i c 
a n d dra inage c o n d i t i o n s , caused severe f l o o d i n g c o n d i t i o n s a n d substant ia l p r o p e r t y damage i n 
n u m e r o u s locat ions i n northeast Box Elder C o u n t y . This f l o o d i n g p r o b l e m is i n p a r t to the rate of 
u r b a n i z a t i o n of the area a n d the l i m i t e d a b i l i t y of local i n s t i t u t i o n s a n d the tax base of 
u n i n c o r p o r a t e d areas to p r o v i d e f l o o d p r o t e c t i o n services, especial ly i n p e r i o d s of exceedingly 
heavy r a i n f a l l . A pro ject w a s d e v e l o p e d at the U W R L i n response to requests for he lp f r o m Box 
Elder C o u n t y off ic ia ls . The p u r p o s e of the project is to assist the c o u n t y i n d e v e l o p i n g a database 
for f l o o d c o n t r o l p l a n n i n g a n d to he lp t h e m acquire state a n d federa l f u n d i n g to conduct such 
p l a n n i n g . I n FY 2006, p r e l i m i n a r y data w e r e gathered (e.g., l a n d use, s t ream a n d canal locations, 
t o p o g r a p h i c i n f o r m a t i o n , roads a n d h i g h w a y s , etc.) a n d placed i n a GIS f o r m a t . N u m e r o u s 
meet ings were a t tended i n v o l v i n g representatives of Box Elder C o u n t y a n d the U W R L . M o s t 
s i g n i f i c a n t l y , staff f r o m the U W R L w r o t e a p r o p o s a l to o b t a i n f u n d i n g for a $10,000 p l a n n i n g 
grant f r o m the state. Th is m o n e y is n o w avai lable to the C o u n t y to s u p p o r t m o r e deta i led f l o o d 
p l a n n i n g a n d f l o o d p lane m a p p i n g . 

• U t a h regula t ions o n the concentra t ion of toxic heavy metals i n w a t e r a n d soils are based on to ta l 
c o n t a m i n a n t concentra t ion . Th is assessment does n o t p r o v i d e i n f o r m a t i o n o n potent ia l 
b i o a v a i l a b i l i t y of the m e t a l . The b i o a v a i l a b i l i t y of a meta l is re la ted to the association of the meta l 
w i t h s o l u t i o n a n d s o l i d phase components , n o t necessarily the to ta l concentrat ion . M e t h o d s 
present ly used for the analysis of metals cannot d i s t i n g u i s h the b ioavai lab le f rac t ion . Research 
c u r r e n t l y u n d e r w a y at the U W R L is e x a m i n i n g the use of bacter ia l biosensors as a direct 
measurement of b i o a v a i l a b i l i t y . Results f r o m this research e f f o r t w i l l be used to develop 
technical m a n a g e m e n t strategies w i t h regards to r isks for soils, sediments , a n d surface a n d 
g r o u n d w a t e r c o n t a m i n a t i o n based o n m o r e accurate measurements of b i o a v a i l a b i l i t y , a n d to 
deve lop an a p p r o a c h to reduce r i s k to g r o u n d w a t e r a n d surface w a t e r posed b y meta l 
c o n t a m i n a t e d w a t e r s a n d soils i n U t a h . Results w i l l be use fu l to the U t a h D e p a r t m e n t of 
E n v i r o n m e n t a l Q u a l i t y , v a r i o u s m u n i c i p a l i t i e s i n the State of U t a h , the State D i v i s i o n of O i l , Gas, 
a n d M i n i n g , a n d c o u n t y agencies for d e v e l o p i n g effective w a t e r q u a l i t y m a n a g e m e n t p r o g r a m s 
for heavy m e t a l c o n t a m i n a t e d sites. 

• Faculty a n d students at the U W R L are c o n d u c t i n g research to i d e n t i f y , select, a n d des ign 
g r o u n d w a t e r a n d s e d i m e n t r e m e d i a t i o n systems a n d m o n i t o r i n g systems for gasoline sites 
c o n t a m i n a t e d w i t h the a d d i t i v e M T B E ( m e t h y l - t e r t i a r y - b u t y l - e t h e r ) . This project benefits the 
State of U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y , D i v i s i o n of E n v i r o n m e n t a l Response a n d 
R e m e d i a t i o n . 
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• H i g h levels of s a l i n i t y i n the Great Salt Lake (GSL) p l a y a s t rong role i n the lake's ecosystem. I n 
par t i cu lar , b r i n e s h r i m p are one of the f e w species t h a t l ives w i t h i n the lake, a n d p l a y an 
i m p o r t a n t role i n k e e p i n g the lake's water clean t h r o u g h algae c o n s u m p t i o n . The b r i n e s h r i m p 
also s u p p o r t a n i n d u s t r y i n w h i c h b r i n e s h r i m p eggs are harvested a n d s o l d w o r l d w i d e as f i s h 
f o o d . Other i m p o r t a n t i n d u s t r i e s i n v o l v e the extrac t ion of m i n e r a l s such as c o m m o n salt, 
m a g n e s i u m m e t a l , s o d i u m a n d p o t a s s i u m sulfate, a n d m a g n e s i u m c h l o r i d e . Recreational uses of 
the lake have been h a m p e r e d due to l o n g - t e r m f l u c t u a t i o n s i n w a t e r levels, l e a d i n g to large 
changes i n the surface area. G i v e n the i m p o r t a n c e of the lake t o the r e g i o n , l o n g - t e r m efforts 
have been u n d e r w a y b y the U n i t e d States Geological Survey a n d the U t a h D e p a r t m e n t of N a t u r a l 
Resources to def ine p h y s i c a l characteristics of the GSL, a n d to u n d e r s t a n d h o w h u m a n s are 
af fect ing the lake. C u r r e n t l y , there is no consensus as to the general c i r c u l a t i o n patterns that exist 
w i t h i n the GSL, n o r does consensus exist r e g a r d i n g the d o m i n a n t ( forc ing) mechanisms that 
cause the c i r c u l a t i o n . A h y d r o d y n a m i c s m o d e l w a s d e v e l o p e d this year at the U W R L a n d 
a p p l i e d to the s o u t h a r m of the Great Salt Lake. M o d e l i n p u t s a l l o w users t o examine the 
inf luences of a w i d e range of f o r c i n g func t ions o n the h y d r o d y n a m i c b e h a v i o r of the lake. 
Consequent ly , the t r a n s p o r t of p o l l u t a n t s a n d i n f l u x e s of f resh w a t e r i n t o the lake m a y be 
p r e d i c t e d , a i d i n g i n m a n a g e m e n t of this water resource. 
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Figure 1 . Projects c o n d u c t e d b y the U W R L i n the State of U t a h . 
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Introduction 

Summaries of Major Utah Water Research Laboratory 
Research Programs  

Bioprocess Engineering 
Bioreactor process ing of e n v i r o n m e n t a l 

mater ials a n d e n g i n e e r i n g scale-up of b i o l o g i c a l l y -
based e n v i r o n m e n t a l reactions are b e i n g explored . 
Areas of spec ia l izat ion i n c l u d e : c o m p o s t i n g , waste 
reuse, b ioso l ids processing, m a n a g e m e n t of 
e n v i r o n m e n t a l b i o t r a n s f o r m a t i o n s , a n d engineer ing 
o p t i m i z a t i o n of w e t l a n d s . 

Hazardous and Toxic Waste 
Management 

This p r o g r a m emphasizes a n in tegra ted 
engineer ing a n d science a p p r o a c h for 
character izat ion a n d r e m e d i a l d e s i g n approaches 
for c o n t a m i n a t e d subsurface e n v i r o n m e n t s . I n 
a d d i t i o n to l abora tory scale w o r k , the p r o g r a m has 
the largest f i e l d scale research d i m e n s i o n of any 
s i m i l a r academic p r o g r a m i n the n a t i o n . I n 
a d d i t i o n to the research i n h a z a r d o u s a n d toxic 
waste, this c o m p o n e n t also i n c l u d e s the w o r k 
c o n d u c t e d b y the U t a h W a t e r Research L a b o r a t o r y 
( U W R L ) o n air q u a l i t y p r o b l e m s i n the state. 

Water Quality Engineering 
The p r o g r a m focuses o n the d e v e l o p m e n t of 

eng ineer ing approaches for p r o d u c t i o n of d r i n k i n g 
w a t e r ; t reatment , rec lamat ion , recyc l ing , a n d reuse 
of m u n i c i p a l a n d i n d u s t r i a l w a s t e w a t e r ; a n d 
m o d e l i n g of w a t e r q u a l i t y . Areas of specia l izat ion 
i n c l u d e : l o w technology a n d advanced t rea tment 
processes for potable w a t e r t rea tment , 
character izat ion a n d c o n t r o l of d i s s o l v e d a n d 
par t icula te n a t u r a l organic mat ter ( N O M ) , 
m o d e l i n g c o n v e n t i o n a l a n d toxic contaminants i n 
n a t u r a l a n d engineered systems, w a t e r reuse 
engineer ing , w a t e r - q u a l i t y m a n a g e m e n t , a n d 
assessment a n d c o n t r o l of n o n p o i n t source 
p o l l u t i o n a n d s t o r m water . 

Water Education and Technology 
Transfer 

Several projects c o n d u c t e d b y the U W R L , 
i n c l u d i n g m a n y that are f u n d e d f r o m sources other 
t h a n M i n e r a l Lease F u n d s , have substant ia l 
educat ion , outreach, a n d t r a i n i n g components . 
Resources p r o v i d e d b y M i n e r a l Lease m o n e y s are 
somet imes used to enhance the d e v e l o p m e n t of 

t r a i n i n g m o d u l e s or educa t iona l materials , 
sometimes to p r o v i d e technical s u p p o r t to U t a h state 
agencies o n w a t e r - r e l a t e d issues (such as the State 
A t t o r n e y General 's Off ice i n l i t i g a t i o n i n v o l v i n g 
l i a b i l i t y assessment i n h a z a r d o u s waste prob lems) , 
a n d d e v e l o p m e n t of c u r r i c u l a r materials for use i n 
K-12 e d u c a t i o n p r o g r a m s i n the state 

Fluid Mechanics and Hydraulics 
This p r o g r a m ut i l izes the U W R L h y d r a u l i c s 

labora tory for p h y s i c a l m o d e l i n g of h y d r a u l i c 
s tructures , i n c l u d i n g e v a l u a t i o n of scour b e l o w 
s p i l l w a y s a n d other s tructures , test ing a n d 
e v a l u a t i o n of h y d r a u l i c m a c h i n e r y and p i p i n g 
systems, f l o w meter ca l ibra t ion , a n d test ing of 
eros ion c o n t r o l systems for slopes a n d channels. 
A n a l y t i c a l aspects of the p r o g r a m i n c l u d e des ign of 
p i p e n e t w o r k s for w a t e r s u p p l y , p o r o u s m e d i a f l o w , 
sed iment t ranspor t , a n d o p e n channel f l o w . 

Ground Water 
C u r r e n t research act ivi t ies cover topics f r o m 

theoret ical d e v e l o p m e n t s i n the stochastic and 
n u m e r i c a l analysis of t r a n s p o r t i n g r o u n d w a t e r to 
pract ical aspects of the des ign of clean-up 
technologies for f u e l - c o n t a m i n a t e d sites a n d 
management of U t a h aqui fer systems. 

Hydrology 
This diverse p r o g r a m has strengths i n b o t h the 

theoret ical a n d a p p l i e d aspects of m o d e r n 
h y d r o l o g y , i n c l u d i n g c l imate m o d e l i n g , r a i n f a l l 
processes, s n o w h y d r o l o g y , f loods , d r o u g h t s , 
t e r m i n a l lake analyses, so i l eros ion, a n d stream 
w a t e r q u a l i t y m o d e l i n g . 

Water Resources Planning and 
Management 

This p r o g r a m addresses i n s t i t u t i o n a l a n d legal 
aspects of w a t e r r i g h t s transfers, d i s t r i b u t e d water 
d e m a n d a n d s u p p l y m o d e l i n g u s i n g geographical 
i n f o r m a t i o n systems, a n d cost a l locat ion and 
d e t e r m i n a t i o n of user fees for m u l t i p l e purpose 
water resources projects . A d d i t i o n a l areas inc lude 
reservoir o p e r a t i n g pol ic ies , w a t e r conservation, 
r i v e r bas in p l a n n i n g , u s e r - d r i v e n decis ion s u p p o r t 
systems for w a t e r p l a n n i n g , t e r m i n a l lake w a t e r 
level management , a n d d a m safety r i sk assessment. 
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Administration 

Administration, Advisory Support, and Special Equipment 
The n u m e r o u s projects c o n d u c t e d b y f a c u l t y and students at the U t a h Water Research Labora tory 
( U W R L ) w i t h f i n a n c i a l s u p p o r t f r o m the M L F p r o g r a m are a d m i n i s t e r e d b y the officers of the U W R L . 
The Direc tor a n d Associate D i r e c t o r of the U W R L also w o r k to m a i n t a i n l ia i son w i t h w a t e r p l a n n i n g a n d 
management off ic ia ls across the state. Frequent ly , f a c u l t y f r o m the U W R L are requested for technical or 
a d v i s o r y s u p p o r t o n w a t e r p r o b l e m s b y v a r i o u s state or local agencies a n d , t o the extent tha t i t lies i n the 
m i s s i o n of the U W R L to p r o v i d e such i n p u t , M L F f u n d s are somet imes used to cover t ravel expenses of 
the f a c u l t y that become i n v o l v e d u n t i l o ther f u n d i n g o p p o r t u n i t i e s can be d e v e l o p e d . F ina l ly , w h e n a 
n u m b e r of Utah-based research needs arise that require special ized e q u i p m e n t that cannot be made 
avai lable t h r o u g h other means, M L F resources are sometimes used to acquire these i tems . 

Administration of the MLF Program 
The costs of a d m i n i s t e r i n g the M L F p r o g r a m at the U t a h Water Research L a b o r a t o r y are del iberate ly h e l d 
as l o w as possible, consistent w i t h the needs of e v a l u a t i n g the p r o d u c t i v i t y of the research s u p p o r t e d b y 
M L F f u n d s a n d , i n c o l l a b o r a t i o n w i t h water managers a n d p o l i c y makers i n state a n d local agencies, 
i d e n t i f y i n g o p p o r t u n i t i e s i n the state w h e r e a p p l i e d research c o u l d c o n t r i b u t e t o w a r d the s o l u t i o n of 
i m p o r t a n t w a t e r resources p r o b l e m s . M L F m o n e y spent o n a d m i n i s t r a t i o n at the U W R L p r o v i d e s 
m i n i m a l salary s u p p o r t for the U W R L D i r e c t o r a n d Associate D i r e c t o r a n d s u p p o r t s the a d m i n i s t r a t i o n of 
the USGS 104-B p r o g r a m t h a t comes t o the state. FY 2006 a d m i n i s t r a t i v e costs represented o n l y 0.3 
percent of total U W R L M L F expendi tures . 

Outreach and Business Support 
O v e r a l l , a n n u a l research e x p e n d i t u r e s for the U W R L t y p i c a l l y range b e t w e e n $8 a n d $10 m i l l i o n , a n d at 
a n y p o i n t i n t i m e there w i l l be a p p r o x i m a t e l y 200 active research contracts a d m i n i s t e r e d at the U W R L . 
These projects require s ign i f i cant s u p p o r t f r o m the U W R L Business Of f i ce i n the f o r m of account ing a n d 
f i n a n c i a l overs ight . Fur ther , they benef i t f r o m assistance that comes f r o m the U W R L Publ icat ions Off ice , 
w h i c h p r o v i d e s s u p p o r t for outreach act ivi t ies (such as the p r o d u c t i o n of presentat ions, maintenance of 
the U W R L a n d U C W R R w e b pages, etc.). M L F expendi tures i n FY 2006 o n these s u p p o r t act ivit ies 
accounted for 0.9 percent of to ta l M L F f u n d i n g . 

Advisory Support on Water Problems 
The U W R L received several requests i n FY 2006 for advice a n d co l laborat ive h e l p o n v a r i o u s water 
p r o b l e m s i n the state. I n FY 2006, the U W R L p r o v i d e d s u p p o r t to d e f r a y t r a v e l costs f r o m M L F sources 
so U W R L f a c u l t y c o u l d par t i c ipa te i n meet ings i n the state t o coord inate U W R L act ivi t ies o n o n g o i n g 
water p r o b l e m s , to w o r k to i d e n t i f y a n d seek f u n d i n g for n e w a p p l i e d research i n the state, a n d to 
p r o v i d e expert advice re la t ive to c u r r e n t w a t e r m a n a g e m e n t issues that v a r i o u s state a n d local agencies 
face. Examples of th i s t y p e of a c t i v i t y i n FY 2006 i n c l u d e : 

• Box Elder C o u n t y off ic ia ls requested h e l p f r o m the U W R L o n f l o o d c o n t r o l p r o b l e m s , a n d M L F 
s u p p o r t was p r o v i d e d so U W R L personnel c o u l d a t tend p r e l i m i n a r y meet ings o n these issues. 

• Faculty f r o m the U W R L w e r e sent o n one t r i p to W a s h i n g t o n C o u n t y u s i n g M L F f u n d s to 
p r o v i d e r e c o m m e n d a t i o n s for f u t u r e data col lect ion a n d analysis w o r k re la t ive to the V i r g i n 
River m a n a g e m e n t a n d recovery p r o g r a m . 

• Trave l s u p p o r t w a s g i v e n so U W R L f a c u l t y c o u l d a t tend a m e e t i n g of the team of state a n d 
federal agencies charged w i t h d e v i s i n g a recovery p r o g r a m for the P r o v o River . 
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Administration 

Requests for assistance f r o m the U W R L for technical h e l p related to f l o o d i n g a n d sediment 
m a n a g e m e n t p r o b l e m s o n the D r y F o r k of A s h l e y Creek near V e r n a l , U t a h , were h o n o r e d b y 
s e n d i n g U W R L f a c u l t y t o the U i n t a h Basin to advise i n the i n i t i a t i o n of a watershed p l a n n i n g 
p r o g r a m . 

The U W R L has p r o v i d e d t r a v e l s u p p o r t f r o m M L F resources so t h a t facu l ty c o u l d meet w i t h 
representatives of the W e b e r - M o r g a n H e a l t h D e p a r t m e n t Wastewater A d v i s o r y C o m m i t t e e . 

Facul ty f r o m the U W R L received t rave l f u n d s to par t ic ipate i n meet ings of the Lake P o w e l l 
Technical A d v i s o r y C o m m i t t e e to i n f o r m decisions re lat ive to m o n i t o r i n g w a t e r q u a l i t y i n Lake 
P o w e l l , t o r e c o m m e n d p o l i c y for c losing a n d o p e n i n g beaches for recreat ional use, etc. 

Special Equipment 
N u m e r o u s c o m m u n i t i e s i n U t a h face p r o b l e m s w i t h the m a n a g e m e n t of soils a n d aquifers that have been 
c o n t a m i n a t e d b y h a z a r d o u s mater ia ls , a n d the U W R L has been t r e m e n d o u s l y active i n p r o v i d i n g state-
of- the-art scientif ic i n p u t i n t o u n d e r s t a n d i n g these p r o b l e m s . S i m i l a r l y , the U W R L tries to m a i n t a i n a n 
active p r o g r a m of c o o r d i n a t i o n w i t h such agencies as the U t a h D i v i s i o n of Water Rights o n p r o b l e m s 
associated w i t h the o p e r a t i o n a n d safety of dams i n the state. 

Inves tments i n state-of-the-art e q u i p m e n t were m a d e f r o m M L F resources i n FY 2006 to acquire real - t ime 
polymerase cha in reac t ion (RT-PCR) i n s t r u m e n t a t i o n . The RT-PCR e q u i p m e n t p r o v i d e s quant i ta t ive 
capabil i t ies for the l o w l e v e l detec t ion of specific m i c r o o r g a n i s m s a n d f u n c t i o n a l genes i n e n v i r o n m e n t a l 
samples, a n d is b e c o m i n g the s t a n d a r d PCR technique, rep lac ing m a n y appl i ca t ions of convent ional PCR 
procedures w e have r o u t i n e l y carr ied o u t at the U W R L e n v i r o n m e n t a l q u a l i t y l a b o r a t o r y (EQL) i n the 
past. Th i s i n s t r u m e n t a t i o n gives the U W R L the capabi l i ty to cont inue to s u p p o r t a p p l i e d research o n 
ch lor ina ted so lvent c o n t a m i n a t e d sites t h r o u g h o u t H i l l A F B a n d the s u r r o u n d i n g area, at a contaminated 
site i n B o u n t i f u l / W o o d s Cross, a n d at several sites at D u g w a y P r o v i n g G r o u n d i n U t a h . RT-PCR 
capabil i t ies at the U W R L has enhanced o u r a b i l i t y to s u p p o r t these act ivi t ies , a n d s h o u l d i m p r o v e our 
technical assistance t o the H i l l A F B E n v i r o n m e n t a l M a n a g e m e n t ( E M ) Direc tora te , the Bureau of 
Rec lamat ion a n d E P A (responsible for the B o u n t i f u l / W o o d s Cross site), a n d to the D u g w a y 
E n v i r o n m e n t a l M a n a g e m e n t group/State of U t a h D i v i s i o n of S o l i d a n d H a z a r d o u s Waste, a n d adjacent 
c o m m u n i t i e s i m p a c t e d b y these c o n t a m i n a t e d sites. 

T o s u p p o r t h y d r a u l i c s research act ivi t ies associated w i t h releases f r o m d a m s i n U t a h (and related 
h y d r a u l i c p h e n o m e n a , such as v e n t i n g ) , the U W R L used M L F resources i n FY 2006 to acquire a part ic le 
image veloc imeter (PIV) system. T h i s purchase w i l l faci l i tate better i n v e s t i g a t i o n of var ia t ions i n f l o w 
f i e l d velocit ies , a n d i t w i l l d o so at v e r y h i g h spatial a n d t e m p o r a l reso lut ions . I n a d d i t i o n to f u r t h e r i n g 
the general e n g i n e e r i n g k n o w l e d g e i n the area of b o u n d a r y shear stress for o p e n channel f l o w condi t ions , 
the results of the pro ject s h o u l d shed some l i g h t o n the appropriateness of u s i n g shear stress per formance 
l i m i t s o n channel l i n i n g eros ion c o n t r o l materials . Shear stress is a parameter c o m m o n l y used b y the 
U t a h D e p a r t m e n t s of T r a n s p o r t a t i o n ( U D O T ) w h e n q u a l i f y i n g eros ion c o n t r o l p r o d u c t s (blankets 
p r i m a r i l y ) for state projects. The accuracy w i t h w h i c h shear stress can be est imated i n the f i e l d (or 
l a b o r a t o r y ) has a s ign i f i cant i m p a c t o n h o l d i n g v e n d o r s accountable for the q u a l i t y of their products , 
s h o u l d a p r e m a t u r e f a i l u r e occur. A l t h o u g h s tandards are i n place for m i n i m u m shear stress 
requirements , v e r i f i c a t i o n of p e r f o r m a n c e (or fa i lure) i n the f i e l d is c u r r e n t l y n o t a pract ical o p t i o n . 
A c q u i s i t i o n of the P I V sys tem w i l l enable the U W R L to i m p r o v e its a b i l i t y to p r o v i d e state-of-the-art 
science to state agencies engaged i n the m a n a g e m e n t or r e g u l a t i o n of v a r i o u s k i n d s of h y d r a u l i c 
s t ructures . 
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Land Application of Biosolids and Animal Manure to Reclaim 
Disturbed Utah Rangelands 

Principal Investigators): 
Michael J. McFarland 
Dharmin Desai 
Mai AnhVutran 
/ssaa/c Romero 

Project Description: 
W i t h the increasing costs a n d r e g u l a t o r y b u r d e n s associated w i t h a ch ie v ing n e w a n d proposed 

was tewater t r e a t m e n t s tandards , es tabl ishing scienti f ical ly defensible o p t i o n s for the benefic ial use of 
b ioso l ids generated w i t h i n the State of U t a h has become an u r g e n t need for the U t a h D e p a r t m e n t of 
E n v i r o n m e n t a l Q u a l i t y ( U D E Q ) . B e y o n d the challenges associated w i t h b io so l id s management , the 
U D E Q as w e l l as the U t a h D e p a r t m e n t of N a t u r a l resources are d e v e l o p i n g best m a n a g e m e n t practices 
a i m e d at res tor ing d i s t u r b e d rangelands i n order to reduce soi l eros ion a n d to i m p r o v e forage 
p r o d u c t i v i t y . The U t a h r a n c h i n g c o m m u n i t y is also an i m p o r t a n t s takeholder i n the d e v e l o p m e n t of 
sustainable practices for u t i l i z i n g b ioso l ids o n rangelands. B iosol ids l a n d a p p l i c a t i o n i m p r o v e s 
r a n g e l a n d forage p r o d u c t i v i t y w h i l e r e d u c i n g the need (and hence the costs) of u t i l i z i n g chemical 
fer t i l izers a n d so i l a m e n d m e n t s / c o n d i t i o n e r s to increase vegetat ive y i e l d s o n U t a h rangelands. 

The objective of th is s t u d y is to d e t e r m i n e the p o t e n t i a l e n v i r o n m e n t a l , ecological a n d economic 
benefits of l a n d a p p l y i n g l i m e - s t a b i l i z e d b ioso l ids , aerobical ly digested b io so l id s a n d a n i m a l manures to 
a lka l ine rangelands located i n S k u l l V a l l e y , U T (an area located a p p r o x i m a t e l y 80 mi les southwest of Salt 
Lake C i t y , U T ) . To address th is goal , the f o l l o w i n g six (6) research tasks w e r e d e v e l o p e d . 

T A S K 1: Based o n an estimate of the n i t r o g e n requirements o f n a t i v e r a n g e l a n d vegeta t ion i n Skul l 
V a l l e y , U T a n d the p l a n t avai lable n i t r o g e n ( P A N ) associated w i t h l i m e - s t a b i l i z e d b ioso l ids , aerobical ly 
digested b ioso l ids a n d a n i m a l m a n u r e s d e t e r m i n e defensible a g r o n o m i c rates (ton/acre) suitable for 
s u s t a i n i n g adequate vegetat ive p r o d u c t i o n . Biosol ids a n d a n i m a l m a n u r e s w i l l be a p p l i e d i n separately 
m a n a g e d h e l d p lo t s at rates e q u i v a l e n t to 1 , 5 ,10 a n d 20 t imes the est imated a g r o n o m i c rate. 

T A S K 2: Evaluate the p o t e n t i a l i m p a c t of large a p p l i c a t i o n rates o n n i t ra te m o b i l i t y t h r o u g h 
c o n d u c t i n g deep so i l m o n i t o r i n g ( u p to f ive feet b e l o w g r o u n d surface) of b ioso l ids a n d m a n u r e l a n d 
a p p l i c a t i o n sites. 

T A S K 3: Q u a n t i f y a n d stat ist ical ly evaluate the effects of b ioso l ids a n d a n i m a l m a n u r e l a n d 
a p p l i c a t i o n o n vegetat ive p r o d u c t i o n ( g r o w t h rate, p l a n t d i v e r s i t y a n d dens i ty ) as w e l l as soi l chemical 
a n d p h y s i c a l characteristics w i t h i n r a n g e l a n d f i e l d p l o t s . 

T A S K 4: Based o n the f i e l d p lo t ' s sa l in i ty , p H a n d s o d i u m a d s o r p t i o n r a t i o (SAR) measured before 
a n d after l a n d a p p l i c a t i o n of b iosol ids , characterize the r a n g e l a n d soils as n o r m a l , saline, sodic or saline-
sodic. 

T A S K 5: M o n i t o r the changes i n sa l in i ty , p H a n d s o d i u m a d s o r p t i o n r a t i o (SAR) of the rangeland 
f i e l d p lots over the t w o - y e a r s t u d y p e r i o d . 

T A S K 6: Based o n the vegetat ive p r o d u c t i o n results generated f r o m r a n g e l a n d f i e l d plots , deve lop a 
series of technical r e c o m m e n d a t i o n s focused o n i m p r o v i n g r a n g e l a n d m a n a g e m e n t practices u s i n g 
b i o s o l i d s a n d a n i m a l m a n u r e . 
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Accomplishments: 
Biomass Results 

L a n d a p p l i c a t i o n of b o t h b ioso l ids types occurred i n December, 2004. I n June 2006, the biosol ids test 
plots w e r e s a m p l e d f o r b iomass (i.e. vegetat ive) y i e l d as w e l l as soi l n u t r i e n t levels t a k e n at depths 
r a n g i n g u p to f i v e (5) feet b e l o w the g r o u n d surface. Results f r o m the b iomass (i.e. vegetat ive) y i e l d 
s a m p l i n g are s u m m a r i z e d i n Table 1 . F i g u r e 1 p r o v i d e s p h o t o g r a p h s o f the b ioso l ids l a n d a p p l i c a t i o n 
site t a k e n d u r i n g the June 2006 f i e l d s a m p l i n g a c t i v i t y . 

T a b l e 1. Biomass Y i e l d s of B i o s o l i d s and M a n u r e A p p l i e d to D i s t u r b e d Rangelands 

Biosol ids T y p e 
A p p l i c a t i o n Rate 

( M u l t i p l e of A g r o n o m i c Rate) 
A v e . Biomass Y i e l d ( n = 6) 

(lbs/acre - w e t w e i g h t ) 

C o n t r o l N / A 181.5 
A e r o b i c a l l y D i g e s t e d I X 1669.8 
A e r o b i c a l l y Diges ted 5X 1089.0 
A e r o b i c a l l y Diges ted 10X 1415.7 
A e r o b i c a l l y D i g e s t e d 20X 1815.0 
L i m e Stabi l ized I X 1197.9 
L i m e Stabi l ized 5X 689.7 
L i m e Stabi l ized 10X 526.4 
M a n u r e I X 1016.4 
M a n u r e 5X 344.9 
M a n u r e 10X 1325.0 
M a n u r e 20X 962.0 

Biosol ids a p p l i c a t i o n w a s observed to increase vegetat ive biomass p r o d u c t i o n above that w h i c h w a s 
r e c o r d e d for the c o n t r o l p lo t s i n a l l cases. A l t h o u g h there w a s considerable v a r i a b i l i t y f o u n d i n the 
b iomass data, i n i t i a l inspect ions suggested tha t test p lots tha t received aerobica l ly digested biosol ids , i n 
general , h a d a greater vegetat ive response t h a n those sites that h a d received l i m e s tab i l ized biosol ids . 
P r e l i m i n a r y ecological analysis i n d i c a t e d tha t the d o m i n a n t p l a n t species f o u n d o n the cont ro l test plots 
was Bromus tectorum (cheat grass) w h i l e the d o m i n a n t vegetat ive species f o u n d o n the sites a m e n d e d 
w i t h b ioso l ids was Hordeum marinum gussoneanum (seaside bar ley) . 

Work Plan FY 07/FY 08: 
A e r o b i c a l l y digested a n d l i m e s tabi l ized b ioso l ids as w e l l as beef cattle m a n u r e w e r e surface a p p l i e d 

at v a r i o u s rates o n 1 / 3-acre test p lo t s separated b y b u f f e r s tr ips o n p r i v a t e r a n g e l a n d located i n S k u l l 
V a l l e y , U T . A c o n t r o l p l o t , w h i c h served as a t rea tment per formance baseline, w a s also established a n d 
rece ived n o organic a m e n d m e n t s . T h e a g r o n o m i c rate (tons/acre) for the surface a p p l i c a t i o n of 
b ioso l ids was d e t e r m i n e d based o n the a s s u m p t i o n tha t a hea l thy r a n g e l a n d w o u l d e x h i b i t a n i t r o g e n 
d e m a n d of 150 lbs o f n i t r o g e n per acre. This n i t r o g e n d e m a n d estimate w a s based o n the a s s u m p t i o n 
t h a t a hea l thy r a n g e l a n d w o u l d be d o m i n a t e d b y p e r e n n i a l grass species. 

T o evaluate the l o n g t e r m benef i t of a p p l y i n g organic a m e n d m e n t s for r a n g e l a n d restorat ion, l i m e -
s tab i l ized b iosol ids , aerobical ly digested b ioso l ids a n d beef cattle m a n u r e w e r e i n i t i a l l y scheduled to be 
l a n d a p p l i e d o n test p lots at 20X, 10X, 5X a n d I X the es t imated a g r o n o m i c rate. H o w e v e r , d u e to the l o w 
n i t r o g e n content measured i n the l i m e - s t a b i l i z e d biosol ids , a n unacceptably large b ioso l ids a p p l i c a t i o n 
rate w a s f o u n d to be necessary for m e e t i n g the est imated r a n g e l a n d n i t r o g e n d e m a n d . To a v o i d the 
prac t i ca l p r o b l e m s associated w i t h a p p l y i n g a re la t ive ly t h i c k layer of a p p l i e d b ioso l ids , the l a n d 
a p p l i c a t i o n rates for the l i m e - s t a b i l i z e d b ioso l ids w e r e l i m i t e d to 10X, 5X a n d I X the est imated 
a g r o n o m i c rate. 
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To d r a w defensible conclusions r e g a r d i n g the benef i t of l a n d a p p l y i n g b ioso l ids to restore d i s t u r b e d 
rangelands, a stat ist ical inference a p p r o a c h was u t i l i z e d . To faci l i tate the select ion o f r a n d o m subplots to 
sample, each of the 1/3-acre test p lo t s (14,520 f t 2 ) was d i v i d e d i n t o t h i r t y - s i x (36) sections (or test plots) 
h a v i n g p h y s i c a l d i m e n s i o n s of 20 feet b y 20 feet. The exact b o u n d a r i e s o f each o f the 400 f t 2 test plots 
w e r e established u s i n g a g l o b a l p o s i t i o n i n g system (GPS). 

Benefits to the State: 
The i n f o r m a t i o n generated f r o m this project w i l l be i m p o r t a n t to r a n g e l a n d managers as w e l l as the 

U t a h r a n c h i n g c o m m u n i t y i n i d e n t i f y i n g sustainable m e t h o d s for u t i l i z i n g b ioso l ids to restore the 
vegetat ive v i g o r of d i s t u r b e d U t a h rangelands . I t is ant i c ipated that the results o f the research w i l l lead to 
range land m a n a g e m e n t practices tha t w i l l resul t i n i m p r o v i n g the forage v a l u e of U t a h rangelands w h i l e 
m i n i m i z i n g any adverse e n v i r o n m e n t a l impacts . 
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• 
C o n t r o l Plot (June 2006) 

A e r o b i c a l l y Diges ted Biosol ids Site (1X - June 2006) 

L i m e Stabi l ized Biosol ids (1X - June 2006) 

F igure 1 . P h o t o g r a p h s of B iosol ids L a n d A p p l i c a t i o n Site D u r i n g the June 2006 F ie ld S a m p l i n g 
A c t i v i t y 
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Use of Anaerobically Digested and Composted Biosolids to Reclaim 
Arid Rangelands 

Principal Investigators): 
Michael J. McFarland 
Dharmin Desai 
Mai Anh Vutran 
Issaak Romero 
Amy Davis 

Project Description: 
U t a h rangelands p r o v i d e forage for l ivestock p r o d u c t i o n , habi ta t for n a t i v e flora a n d fauna a n d 

watersheds for r u r a l a g r i c u l t u r e . H o w e v e r , because o f past practices, these rangelands are i n a v a r i e t y of 
condi t ions r a n g i n g f r o m severely d e g r a d e d landscapes t o f u l l y f u n c t i o n a l ecosystems. C o n t i n u e d 
excessive d e f o l i a t i o n , w h i c h is the ma jor cause of range d e t e r i o r a t i o n i n U t a h rangelands, has led to 
increased m o i s t u r e r u n o f f a n d soi l erosion. 

Wastewater b ioso l ids represent a va luab le a n d inexhaust ib le resource t h a t can be u t i l i z e d to restore 
the vegetat ive v i g o r of U t a h rangelands . B iosol ids conta in s igni f i cant a m o u n t s of p l a n t nut r ien ts as w e l l 
as organic mat ter t h a t s u p p o r t sustainable vegetat ive g r o w t h and forage p r o d u c t i v i t y of rangelands. 
L a n d a p p l i c a t i o n of b ioso l ids n o t o n l y increases the economic v a l u e of U t a h rangelands b y increasing 
the i r forage v a l u e b u t co l lec t ion of l a n d leasing fees f r o m m u n i c i p a l w a s t e w a t e r t rea tment p lants can be a 
s igni f i cant source of f inanc ia l revenue for U t a h ranchers w h o s u p p o r t the benef ic ia l recyc l ing of 
b ioso l ids . 

T h e objective of th is w o r k is to collect scientific data that s u p p o r t the sustainable use of b iosol ids o n 
rangelands a n d to increase the e n v i r o n m e n t a l s t e w a r d s h i p as w e l l as the p r o f i t a b i l i t y of r a n c h i n g 
act ivi t ies i n the State of U t a h . The specific focus of th is s t u d y is to d o c u m e n t the i m p a c t of biosol ids l a n d 
a p p l i c a t i o n o n the m o i s t u r e i n f i l t r a t i o n propert ies a n d forage q u a l i t y of d i s t u r b e d rangelands . 

Accomplishments: 
T h e effect of b ioso l ids l a n d a p p l i c a t i o n o n soi l m o i s t u r e i n f i l t r a t i o n w a s eva luated b y es t imat ing the 

soil 's unsa tura ted h y d r a u l i c c o n d u c t i v i t y tests u s i n g a series of m i n i d i s k i n f i l t r o m e t e r s . The m i n i d i s k 
i n f i l t r o m e t e r is constructed u s i n g t w o w a t e r chambers tha t m a i n t a i n h y d r a u l i c c o m m u n i c a t i o n d u r i n g 
the test. A m o i s t u r e level f r o m 0 to 100 m i l l i l i t e r s (ml ) is m a i n t a i n e d i n the l o w e r chamber w h i l e suct ion 
is c o n t r o l l e d b y the u p p e r chamber . M o i s t u r e is d r a w n i n t o the soi l t h r o u g h a p o r o u s stainless steel 
s intered d i s k that is p laced at the b o t t o m of the m i n i d i s k i n f i l t r o m e t e r (F igure 1). 

T o estimate a n average m o i s t u r e i n f i l t r a t i o n rate, f o u r (4) m i n i d i s k s w e r e operated s imul taneous ly 
f o r each s u b p l o t at the b i oso l i ds l a n d a p p l i c a t i o n site (Figure 2). T h e h y d r a u l i c c o n d u c t i v i t y results 
f r o m each m i n i d i s k are used to generate a n average m o i s t u r e i n f i l t r a t i o n rate (inches of w a t e r / h o u r ) . 

Forage q u a l i t y is i m p o r t a n t because i t d i r e c t l y affects a rangeland 's a b i l i t y to s u p p o r t the n u t r i t i o n a l 
needs of a n i m a l herds . Tests c o n d u c t e d to d e t e r m i n e the forage q u a l i t y of v e g e t a t i o n f r o m vegeta t ion 
col lected at the b ioso l ids l a n d a p p l i c a t i o n site i n c l u d e d : C r u d e P r o t e i n (CP), A c i d Detergent Fiber ( A D F ) 
a n d N e u t r a l Detergent Fiber ( N D F ) d e t e r m i n a t i o n s . 
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Work Plan FY 07/FY 08: 
Table 1 s u m m a r i z e s the i m p a c t o f b ioso l ids l a n d a p p l i c a t i o n o n biomass y i e l d s a n d crude p r o t e i n of 

r a n g e l a n d vegeta t ion . W h i l e v e g e t a t i o n f r o m the c o n t r o l p lots h a d a p p r o x i m a t e l y 8.5 lbs of crude p r o t e i n 
per acre, o n sites r e c e i v i n g anaerobica l ly digested b iosol ids , aerobical ly digested b ioso l ids , l i m e 
s tabi l ized b ioso l i ds a n d beef cattle m a n u r e r e p o r t e d c rude p r o t e i n values of 93.4, 82.1, 56.6 a n d 45.09 
lbs/acre, respect ively . These p r e l i m i n a r y data suggest t h a t n o t o n l y does b ioso l ids l a n d a p p l i c a t i o n 
resul t i n m o r e v e g e t a t i o n w i t h increased n u t r i t i o n a l v a l u e c o m p a r e d to b a c k g r o u n d r a n g e l a n d , b u t tha t 
b ioso l ids l a n d a p p l i c a t i o n is also super ior to beef cattle m a n u r e l a n d a p p l i c a t i o n w i t h respect to biomass 
y ie lds a n d vegetat ive n u t r i t i o n a l v a l u e . 

T a b l e 1. Pre l iminary Resul ts of Biosol ids L a n d Appl ica t ion Resul ts on Forage V a l u e 

Treatment A p p l i c a t i o n Rate Biomass W e t 
(lbs/ acre) 

Biomass D r y 
(lbs/ acre) 

C r u d e P r o t e i n 
Of 
fo 

C r u d e Prote in 
(lbs/ acre) 

C o n t r o l not applicable 308.6 84.10 10.15 8.54 

A n a e r o b i c a l l y 
Diges ted I X 1688.0 612.25 15.26 93.42 

A e r o b i c a l l y 
Diges ted I X 1669.8 423.40 19.40 82.12 

L i m e Stabi l ized I X 1197.9 395.64 14.30 56.58 

M a n u r e I X 1016.4 362.15 12.45 45.09 

F igure 3 p r o v i d e s p h o t o g r a p h s of the c o n t r o l , anaerobical ly digested, aerobica l ly digested, l i m e 
s tabi l ized a n d beef cattle m a n u r e f i e l d p lo t s taken d u r i n g the A u g u s t 2006 f i e l d data col lect ion ac t iv i ty . 
I t s h o u l d be n o t e d tha t the c o m p o s t e d b ioso l ids l a n d a p p l i c a t i o n site w a s n o t s a m p l e d f o r biomass 
d u r i n g these f i e l d act ivi t ies since the m a t e r i a l h a d been placed o n soi l fo r less t h a n f o u r m o n t h s . The 
c o m p o s t e d plots w i l l be p a r t of next year's f i e l d s a m p l i n g act ivit ies . 

Benefits to the State: 
Biosol ids genera t ion w i t h i n the State of U t a h w i l l cont inue to increase s i g n i f i c a n t l y for the foreseeable 

f u t u r e d u e to steady increases i n p o p u l a t i o n a n d p u b l i c d e m a n d for i m p r o v e d w a t e r q u a l i t y . M a n a g e m e n t 
o f b ioso l ids represents a s igni f i cant technical a n d economic challenge f o r b o t h the U t a h D i v i s i o n of W a t e r 
Q u a l i t y a n d the U t a h D e p a r t m e n t of N a t u r a l Resources. L a n d a p p l i c a t i o n of b ioso l ids o n d i s t u r b e d 
rangelands represents a p o t e n t i a l l y cost-effective a p p r o a c h for benef ic ia l ly u s i n g the s o l i d residues f r o m 
treated m u n i c i p a l wastewater . By d e m o n s t r a t i n g tha t the b ioso l ids l a n d a p p l i c a t i o n leads to increases i n 
b o t h biomass y i e l d s a n d n u t r i t i o n a l q u a l i t y o f range land vegetat ion , b ioso l ids l a n d a p p l i c a t i o n w i l l be 
r e c o m m e n d e d to U t a h a g r i c u l t u r a l / r a n c h i n g specialists as a r a n g e l a n d m a n a g e m e n t practice that 
s u p p o r t s sustainable r a n c h i n g i n the State o f U t a h . 
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Figure 1 . M i n i d i s k I n f i l t r o m e t e r (a) P h o t o g r a p h a n d (b) Schematic. 

F igure 2. Four (4) M i n i d i s k s O p e r a t i n g S i m u l t a n e o u s l y at B iosol ids L a n d A p p l i c a t i o n Site. 
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(Plot Receiving 1X A e r o b i c a l l y Diges ted Biosol ids - A u g u s t 2006) 

F igure 3. Photographs of B iosol ids L a n d A p p l i c a t i o n Plots o n U t a h Rangelands. 
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Hazardous and Toxic Waste Management 

Ambient Particulate (PM 2 5 and PM1 0), Gaseous Ammonia, and Other 
Particulate Precursors in Cache Valley, Utah 

Principal Investigators): 
Randal S. Martin 
Philip Silva 
Mike Petersen 
Kori Moore 
Vishal Doshi 

Project Description: 
N o r t h e r n U t a h ' s Cache V a l l e y is v e r y close to b e c o m i n g a n o n - a t t a i n m e n t area for the air p o l l u t a n t 

P M 2 5 , par t i cu la te mat ter less t h a n or equal to t w o a n d one-half m i c r o m e t e r s i n d iameter . The levels of 
par t i cu la te mat ter less t h a n 2.5 m i c r o n s (PM 2 . 5 ) i n Cache Val ley ' s a m b i e n t air has exceeded the 24-hr 
N a t i o n a l A m b i e n t A i r Q u a l i t y S tandard ( f o r m e r l y 65 ugl m 3 , readjusted to 35 ugl m 3 i n September, 2006) 
i n m o s t of the last f e w w i n t e r s . The L o g a n site consistently records the h ighes t w i n t e r t i m e concentrations 
i n the state, w i t h the U t a h r e c o r d v a l u e b e i n g recorded i n February 2002 (138 ug/m3). Federal 
dec lara t ion of n o n - a t t a i n m e n t status has n o t ye t been achieved; h o w e v e r , w i t h the p r o p o s e d l o w e r i n g of 
the s tandard , there is l i t t l e chance t h a t Cache Va l l ey , as w e l l as other areas i n U t a h , w i l l be able to a v o i d 
n o n - a t t a i n m e n t d e s i g n a t i o n . 

U n d e r s t a n d i n g the causes of the elevated levels of the P M 2 5 w i l l h e l p regula tors i d e n t i f y appropr ia te 
r e m e d i a t i o n a n d m i n i m i z a t i o n scenarios. A s such, D r . R a n d a l M a r t i n has been i n v o l v e d i n n u m e r o u s 
projects to i d e n t i f y the sources, extent, a n d a tmospher ic b e h a v i o r of Cache V a l l e y ' s a m b i e n t par t icula te 
mat ter . Past research has f o u n d tha t the PM2.5 is essentially a w i n t e r t i m e p r o b l e m , the P M 2 5 is 
stat ist ical ly h o m o g e n e o u s t h r o u g h o u t the V a l l e y , the particles are c o m p o s i t i o n a l l y d o m i n a t e d b y 
N H 4 N 0 3 , the v a l l e y a i r shed is N H 3 - r i c h b y a factor of a p p r o x i m a t e l y t w o i n regards to N H 4 N 0 3 

f o r m a t i o n , a p p r o x i m a t e l y 5 to 10 percent of the local automobi les w o u l d f a i l a n i n s p e c t i o n p r o g r a m , a n d 
at least one r u r a l area ( A m a l g a ) seems to conta in 4 to 5 t imes as m u c h a m b i e n t a m m o n i a as the u r b a n 
area (Logan) . E v e n w i t h the success of these studies, a f e w i m p o r t a n t quest ions r e m a i n . 

T h e latest phases of the inves t igat ions w e r e des igned to examine t w o i m p o r t a n t parameters of the 
p o l l u t a n f s l i fecycle : the d i s p a r i t y b e t w e e n the r u r a l a n d u r b a n gas-phase a m m o n i a ( N H 3 ) concentrations 
a n d t h e l i k e l y d r i v i n g forces for the p h o t o c h e m i c a l f o r m a t i o n of part iculate-phase a m m o n i u m ni t ra te 
( N H 4 N 0 3 ) , speci f ical ly w h a t are the sources of w i n t e r t i m e ozone ( 0 3 ) . The w o r k w i t h i n th is project has 
been c o u p l e d w i t h w o r k separately f u n d e d f r o m U D A Q a n d U S U / C U R L U n d e r these other grants, 
s tudies w e r e c o n d u c t e d to examine h o w v o l a t i l e organic c o m p o u n d s (VOCs) c o n t r i b u t e d to the local 
p h o t o c h e m i s t r y a n d h o w N H 3 emissions f r o m a g r i c u l t u r a l operat ions c o n t r i b u t e to a m b i e n t N H 3 levels 
u n d e r local w i n t e r c o n d i t i o n s . 

Accomplishments: 
T h e results have s h o w n that the N H 3 is n o t homogeneous a n d is s t r o n g l y t i e d to local sources, 

p r i m a r i l y those associated w i t h the a g r i c u l t u r a l i n d u s t r y . The spat ia l t rends , b u t n o t necessarily the 
absolute N H 3 concentrat ions , w e r e s i m i l a r b e t w e e n the w i n t e r (January a n d February) a n d s u m m e r 
(June, July, a n d A u g u s t ) s t u d y per iods . Figures 1 a n d 2 s h o w the average w i n t e r a n d s u m m e r N H 3 

d i s t r i b u t i o n s observed i n Cache V a l l e y , respect ively . F igure 3 shows the l o c a t i o n - b y - l o c a t i o n seasonal 
average a m b i e n t a m m o n i a concentrat ions measured t h r o u g h o u t the Cache V a l l e y . I t is of interest to note 
t h a t t h e overa l l averages are v e r y near ly equal , even t h o u g h differences i n t empera ture - re la ted N H 3 

emissions a n d seasonal a tmospher ic d i s p e r s i o n condi t ions s h o u l d theore t i ca l ly resul t i n d i f f e r e n t 
seasonal values. 
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Hazardous and Toxic Waste Management 

The results s h o w e d u n e x p e c t e d l y h i g h 0 3 levels (50-60 p p b ) w i t h i n the u p p e r t roposphere (=6000 
-10000 f t asl) a n d have e l i c i ted e n o u g h interest tha t plans are b e i n g discussed for a m o r e intensive 0 3 

p r o f i l e s t u d y i n the near f u t u r e , a l t h o u g h this s t u d y gives s t r o n g i n d i c a t i o n tha t free t ropospher ic ozone 
m a y s u p p l y suf f i c ient 0 3 concentrat ions to in i t ia te local p h o t o c h e m i s t r y . F i g u r e 4 shows the a f ternoon 
(February 9) a n d m o r n i n g v e r t i c a l ozone a n d t e m p e r a t u r e prof i les . F igures 5 a n d 6 s h o w isoplethic 
concentra t ion 0 3 prof i les as a f u n c t i o n of e levat ion a n d the n o r t h - s o u t h transect p o s i t i o n for the February 
9 a n d 11 f l i g h t s , respect ively . A s can be seen, b o t h " 0 3 m a p s " s h o w consistent h ighest levels of 0 3 at the 
h igher observed elevations, w h i l e n e a r - g r o u n d ozone levels v a r i e d s o m e w h a t b y t i m e of d a y ( m o r n i n g 
lowest ) a n d v a l l e y l o c a t i o n (the m i d - t o - s o u t h e r n end of v a l l e y seemed to t i t ra te o u t m o r e 0 3 ) . F ina l ly , 
M s . C r y s t a l V i a t o r presented a s t u d e n t paper/poster at the June 2006 m e e t i n g of the A i r & Waste 
M a n a g e m e n t Assoc ia t ion a n d rece ived the 1st place a w a r d for the U n d e r g r a d u a t e c o m p e t i t i o n . 

Work Plan FY 07/FY 08: 
The w o r k described h e r e i n w a s (and continues to be) c o n d u c t e d e n t i r e l y w i t h i n Cache Val ley , 

i n c l u d i n g measurements w i t h i n p o r t i o n s o f U t a h a n d I d a h o . U n d e r the N H 3 v a l l e y - w i d e studies of this 
project , a p p r o x i m a t e l y 25 O g a w a passive a m m o n i a samplers w e r e d e p l o y e d for six separate one-week 
p e r i o d s d u r i n g January, February , June, July, a n d A u g u s t of 2006. A f t e r each s a m p l i n g p e r i o d , the 
samplers w e r e recovered a n d a n a l y z e d for collected N H 3 at the U t a h W a t e r Research L a b o r a t o r y 
( U W R L ) E n v i r o n m e n t a l Q u a l i t y L a b o r a t o r y u s i n g i o n c h r o m a t o g r a p h y . 

The second p a r t o f th is w o r k w i l l be c o u p l e d w i t h the separately f u n d e d V O C studies p r e v i o u s l y 
m e n t i o n e d . The i m p e t u s for th is w o r k is to i d e n t i f y the l i m i t i n g reac t ion p a t h w a y s for the convers ion of 
n i t r i c o x i d e ( N O ) to n i t r i c ac id ( H N 0 3 ) . The focus o f the w o r k f u n d e d v i a the U W R L w a s to a t t e m p t 
d e l i n e a t i o n o f possible sources o f the m a i n atmospher ic o x i d a n t c o m p o u n d , ozone ( 0 3 ) , w h i c h is o f ten 
uncharacter is t ica l ly h i g h i n the Cache V a l l e y w i n t e r t i m e air. D r . M a r t i n , D r . E d R e d d (of the Bear River 
H e a l t h D e p a r t m e n t ) , a n d M s . V i a t o r ins ta l l ed a n 0 3 m o n i t o r i n a p r i v a t e a i rp lane ( M r . B i l l Francis) 
d u r i n g i n v e r s i o n / P M 2 5 episodes a n d measured the ver t i ca l 0 3 a n d t e m p e r a t u r e p r o f i l e d u r i n g a n early 
m o r n i n g p e r i o d (Feb. 11, 2006) a n d late a f t e r n o o n p e r i o d (Feb. 9, 2006). 

Benefits to the State: 
The project w i l l p r o v i d e d i r e c t benef i t to the State o f U t a h , especially the Cache V a l l e y area, b y f i t t i n g 

m o r e pieces i n t o the p u z z l e represent ing Cache Val ley ' s air p o l l u t i o n p r o b l e m . I d e n t i f i c a t i o n of the 
seasonal a m b i e n t a m m o n i a d i s t r i b u t i o n s w i l l a i d i n l o c a t i n g areas of s ign i f i cant sources w h i c h may, i n 
t u r n , be targeted for reduct ions , a n d v e r i f y the degree o f excess methane ( N H 3 ) i n the local area. Ver t i ca l 
ozone ( 0 3 ) p r o f i l e i n f o r m a t i o n p r o v i d e s i n f o r m a t i o n o n to w h a t extent d o w n w a r d v e r t i c a l m i x i n g is 
responsible f o r the seemingly a n o m a l o u s l y h i g h w i n t e r t i m e 0 3 concentrat ions . A d d i t i o n a l l y , these data 
w i l l t h e n be avai lable for use b y the a f o r e m e n t i o n e d local a n d state regula tors . T h e u l t i m a t e p r o d u c t s o f 
this s t u d y w i l l be s ign i f i cant c o n t r i b u t i o n s to the database a n d f i n a l r e p o r t used b y local a n d state 
regula tors to h e l p manage the air q u a l i t y w i t h i n the Cache V a l l e y a irshed. 

U t a h State U n i v e r s i t y w o u l d benef i t n o t o n l y t h r o u g h the establ ishment o f a successful research 
p r o g r a m (especially benef ic ia l i f the cooperat ive p r o p o s a l is f u n d e d ) , b u t also t h r o u g h the s u p p o r t of b o t h 
graduate a n d u n d e r g r a d u a t e s tudents . U t a h State U n i v e r s i t y has reaped i n d i r e c t benefits associated w i t h 
th i s pro ject v i a contacts establ ished w i t h Utah's D i v i s i o n of A i r Q u a l i t y , the I d a h o D e p a r t m e n t of 
E n v i r o n m e n t a l Q u a l i t y , a n d the Bear River H e a l t h D e p a r t m e n t i n the f o r m of d o n a t e d research and 
teach ing e q u i p m e n t , contacts f o r f u t u r e e m p l o y m e n t o f students , a n d presentat ions of graduate seminars 
b y state personnel . F u r t h e r m o r e , c o n t i n u i n g o u r s tudent p a r t i c i p a t i o n at i n t e r n a t i o n a l professional 
conferences, M s . V i a t o r presented a s tudent paper/poster concern ing some o f the above w o r k at the June 
2006 m e e t i n g o f the A i r & Waste M a n a g e m e n t Assoc ia t ion a n d received the 1st place a w a r d for the 
U n d e r g r a d u a t e c o m p e t i t i o n . 
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Figure 1 . W i n t e r t i m e (Jan., Feb.; 2006) Cache V a l l e y a m b i e n t N H 3 d i s t r i b u t i o n . 

F igure 2. S u m m e r t i m e (Jun., Jul. , A u g . ; 2006) Cache V a l l e y a m b i e n t N H 3 d i s t r i b u t i o n . 
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Figure 3. Seasonally-averaged Cache V a l l e y N H 3 concentrat ions (|ig/m 3) b y receptor l o c a t i o n . 
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Figure 4. Cache V a l l e y O 3 a n d t e m p e r a t u r e v e r t i c a l pro f i l e s (Feb. 9 & 11, 2006). 
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Cache Valley Ozone (ppb) Right 
2/9/06 13:45 - 15:30 
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Analysis of Microbial Diversity and Dechlorinating Potential at 
Solvent Contaminated Sites Throughout Utah 

Principal Investigators): 
R. Ryan Dupont 
Jing Zhou 
Jared Ervin 
Allison Neptune 

Project Description: 
This s t u d y is des igned to i d e n t i f y a n d q u a n t i f y the p r e d o m i n a n t m i c r o o r g a n i s m s responsible for 

v a r i o u s c o m p e t i n g m i c r o b i a l d e g r a d a t i o n processes at sites t h r o u g h o u t n o r t h e r n U t a h u s i n g molecular 
b i o l o g y techniques, a n d to correlate this d e s c r i p t i o n of the nature a n d d i s t r i b u t i o n of these m i c r o b i a l 
c o m m u n i t i e s a n d the i r a c t i v i t y w i t h l a b o r a t o r y a n d field-scale observat ions of so lvent d e g r a d a t i o n based 
o n chemical analysis results f r o m these sites, some of w h i c h are u n d e r g o i n g active r e m e d i a t i o n , a n d 
some w h i c h are o n l y b e i n g m o n i t o r e d . The u l t i m a t e objective of the w o r k is to d e v e l o p a n 
u n d e r s t a n d i n g of the m i c r o b i a l p layers tha t are responsible for a f fec t ing the t r a n s f o r m a t i o n a n d fate of 
c h l o r i n a t e d solvents u n d e r n a t u r a l a n d engineered condi t ions so tha t m o l e c u l a r screening tools can be 
used for f u t u r e site assessment act ivi t ies to a i d i n r a p i d a n d cost effect ive select ion o f o p t i m a l r e m e d i a l 
designs u n d e r a g i v e n set of specific site constraints . 

Accomplishments: 
Field sites. D e t e c t i o n of specific m i c r o b i a l species a n d / o r f u n c t i o n a l genes u s i n g s t a n d a r d PCR 

techniques was carr ied o u t at seven (7) f i e l d sites t h r o u g h o u t n o r t h e r n U t a h . These seven sites i n c l u d e d : 
1) O U 5 ( H i l l A F B , no so lvent d e c h l o r i n a t i o n ) w h e r e site m o n i t o r i n g is o n - g o i n g , a n d w h e r e laboratory 
site m a n i p u l a t i o n a n d b i o a u g m e n t a t i o n studies have t a k e n place; 2) O U 2 ( H i l l A F B , p a r t i a l so lvent 
d e c h l o r i n a t i o n ) w h e r e site m o n i t o r i n g f o l l o w i n g active site source area r e m e d i a t i o n has t a k e n place, a n d 
w h e r e site m a n i p u l a t i o n a n d b i o a u g m e n t a t i o n labora tory studies have been c o m p l e t e d a n d field-scale 
site m a n i p u l a t i o n a n d b i o a u g m e n t a t i o n t o o k place d u r i n g the w i n t e r of 2005; 3) L i t t l e M o u n t a i n ( H i l l 
A F B , active so lvent d e c h l o r i n a t i o n ) w h e r e site m o n i t o r i n g is o n - g o i n g a n d w h e r e site m a n i p u l a t i o n 
act ivi t ies are b e i n g c o n t e m p l a t e d ; 4) O U 1 0 ( H i l l A F B , p a r t i a l so lvent d e c h l o r i n a t i o n ) w h e r e site 
i n v e s t i g a t i o n efforts are c u r r e n t l y u n d e r w a y ; 5) S M W U - 9 7 ( D u g w a y P r o v i n g G r o u n d , p o t e n t i a l solvent 
d e c h l o r i n a t i o n ) w h e r e site m a n i p u l a t i o n act ivit ies are o n - g o i n g ; 6) B o u n t i f u l / W o o d s Cross (no solvent 
d e c h l o r i n a t i o n ) w h e r e a b i o s t i m u l a t i o n a n d b i o a u g m e n t a t i o n s t u d y is c u r r e n t l y u n d e r w a y ; a n d 7) the 
Sugar H o u s e Park P l u m e site (no so lvent d e c h l o r i n a t i o n , w h e r e a Salt L a k e C i t y d r i n k i n g water w e l l has 
been i m p a c t e d f r o m a suspected c h l o r i n a t e d so lvent release f r o m a d r y c leaning fac i l i ty ) w h e r e site 
m o n i t o r i n g is o n - g o i n g . 

Molecular probes used. Soil a n d g r o u n d w a t e r samples w e r e col lected f r o m these sites, D N A was 
extracted, a n d w a s a m p l i f i e d u s i n g s t a n d a r d PCR techniques as i n i t i a l l y p r o p o s e d i n th is s t u d y . A s 
experience w i t h the m o l e c u l a r probes w a s d e v e l o p e d w i t h these site samples d u r i n g the s t u d y p e r i o d , a 
subset of the f u l l range of probes o r i g i n a l l y p r o p o s e d at the b e g i n n i n g of the s t u d y w a s ac tual ly used o n 
a l l of the f i e l d samples. Table 1 s u m m a r i z e s the f i n a l l i s t of probes used i n d e v e l o p i n g the results 
s u m m a r i z e d b e l o w , a n d indicates that th is f i n a l molecular probe l i s t i n c l u d e d : f o u r Dehalococcoides 
species-specific p r i m e r s for organisms capable o f b o t h p a r t i a l a n d comple te T C E t r a n s f o r m a t i o n ; three 
other deha logenat ing species p r i m e r s for organisms responsible for p a r t i a l T C E t r a n s f o r m a t i o n ; one 
v i n y l ch lor ide reductase f u n c t i o n a l gene probe ( v c r A B ) ; a probe for the f a m i l y Geobacteracea conta in ing 
suspected compet i tors for e lectron d o n o r w i t h Dehalococcoides of the species Geobacter a n d 
D e s u l f u r o m o n a s ; a n d three specific species of i r o n r e d u c i n g bacteria (Geobacter, Schewanella, and 

4-9 



Hazardous and Toxic Waste Management 

Rhodofer rax ) t h a t are a g a i n suspected o f c o m p e t i n g w i t h Dehalococcoides f o r e lec t ron d o n o r s u p p l y . 
T h e later o r g a n i s m is of p a r t i c u l a r interest at sites t h r o u g h o u t U t a h as i t ra ther t h a n the m o r e c o m m o n l y 
observed Geobacter appears to be a p r e d o m i n a n t species at c o n t a m i n a t e d sites i n the area o f H i l l A F B . 

Th is shor t l i s t of m o l e c u l a r probes contains the t w o p r i m a r y g r o u p s of o rgan isms of m o s t interest i n 
th is s t u d y , the dech lor ina tors a n d the i r o n r e d u c i n g bacteria, b u t does n o t i n c l u d e members of three 
other g r o u p s o f organisms t h a t are also be targeted i n th is s t u d y , i.e., the n i t r a t e reducers the sulfate 
reducers, a n d the methanogens . W o r k is c o n t i n u i n g to d e v e l o p a n d v e r i f y the effectiveness of molecular 
probes for these three g r o u p s , a n d o n - g o i n g w o r k is d i rec ted at co l lec t ing q u a n t i t a t i v e data for these 
organisms as w e l l as the d e c h l o r i n a t o r s , i r o n reducers , a n d t o t a l bacter ia l n u m b e r s u s i n g a general 
Eubacter ia l p r i m e r . Table 2 s h o w s the m o l e c u l a r probes used i n the q u a n t i t a t i v e RT-PCR analyses 
c u r r e n t l y u n d e r w a y f o r these f i e l d samples. The RT-PCR probes i n c l u d e a subset of the probes used i n 
c o n v e n t i o n a l PCR analyses f o r dechlor inators , i r o n r e d u c t i o n a n d v i n y l c h l o r i d e r e d u c t c i o n (vcrAB) , 
a long w i t h a to ta l Eubacter ia l p r o b e a n d f u n c t i o n a l genes t a r g e t i n g sulfate r e d u c t i o n ( d s r A ) a n d 
methanogenic a c t i v i t y ( m c r A ) . Results for RT-PCR analyses are b e i n g c o m p l e t e d for the samples 
collected i n th is s t u d y , b u t p r i m e r o p t i m a l anneal ing temperatures a n d es t imated de tec t ion l i m i t s are 
presented i n the Results Section b e l o w . 

Results. Standard PCR analyses results are s u m m a r i z e d i n F igure 1 i n t e r m s of the Frequency of 
Occurrence of a p o s i t i v e de tec t ion o f the m i c r o b i a l species or f u n c t i o n a l gene of interest . These results 
indica te tha t so i l samples p r o d u c e d m o r e consistent a n d elevated detect ions of a l l PCR p r o d u c t s of 
interest t h a n d i d the w a t e r samples , a n d that Dehalococcoides sp. a n d other dech lor ina tors appear w i d e l y 
d i s t r i b u t e d , b e i n g detected at r e l a t i v e l y h i g h abundance at a l l o f these U t a h sites. Less w i d e l y 
d i s t r i b u t e d is the f u n c t i o n a l gene v c r A B tha t has been i d e n t i f i e d as key to the comple te dehalogenat ion of 
TCE, t h r o u g h the cr i t i ca l v i n y l c h l o r i d e r e d u c t i o n step, to i n n o c u o u s e n d p r o d u c t s o f ethene a n d carbon 
d i o x i d e . This f u n c t i o n a l v i n y l c h l o r i d e reductase gene was o n l y detected i n b a c k g r o u n d s o i l samples 
f r o m H i l l A F B O U 5 , a n d D u g w a y site S M W U - 9 7 , a n d i n f r e q u e n t l y i n w a t e r samples f r o m the B o u n t i f u l -
W o o d s Cross site. The a d d i t i o n a l de tec t ion i n Post-Treatment w a t e r at H i l l ' s O U 2 site is c o n f i r m a t i o n of 
the c o n t i n u e d d e c h l o r i n a t i o n a c t i v i t y of the B a c h m a n Road c u l t u r e w i t h k n o w n v c r A B a c t i v i t y that was 
a d d e d d u r i n g site r e m e d i a t i o n act iv i t ies . 

F i g u r e 2 shows the re la t ive abundance of i r o n r e d u c i n g to d e c h l o r i n a t i n g species i n the f o r m of the 
ra t io of i r o n reducers to Dehalococcoides sp. a n d i r o n reducers to to ta l dech lor ina tors detected i n these 
f i e l d samples. These rat ios r a n g e d f r o m 0.8 to over 2.3 for i r o n / D H C species a n d 0.3 to 0.96 for 
i r o n / t o t a l dech lor ina tors for a l l sites a n d samples except f o r the w a t e r f r o m H i l l A F B O U 5 w h e r e no i r o n 
r e d u c i n g species w e r e detected i n three repl icate samples ana lyzed i n th is s t u d y . 

T o invest igate a m o r e q u a n t i t a t i v e r e l a t i o n s h i p b e t w e e n the abundance o f i r o n r e d u c i n g organisms 
a n d dechlor inators , a n d the affect of this re lat ive abundance o n d e c h l o r i n a t i o n a c t i v i t y , the ra t io data 
s h o w n i n F igure 2 w e r e regressed against a n ind ica tor var iable re lated to the observed d e c h l o r i n a t i o n 
a c t i v i t y at these f i e l d sites. The data used i n th is q u a n t i t a t i v e regression analysis are s h o w n i n Table 2, 
w i t h the results o f the regress ion analysis s h o w n g r a p h i c a l l y i n Figures 3 t h r o u g h 6 a n d i n tabulated 
f o r m i n Table 3. These results indicate tha t the d e c h l o r i n a t i o n a c t i v i t y is n o t a s i m p l e f u n c t i o n of the 
presence or absence of the i r o n r e d u c i n g a n d d e c h l o r i n a t i n g species, b u t is m o r e c o m p l i c a t e d t h a n that . 
The s i m p l e re la t ive abundance of i r o n reducers versus dechlor inators i n terms of a d e t e r m i n a t i o n of 
presence or absence does n o t appear to be suf f ic ient to r e l i a b l y p r e d i c t the p o t e n t i a l fo r p a r t i a l or 
comple te T C E d e c h l o r i n a t i o n , at least across the range of site a n d soi l c o n d i t i o n s represented b y the f i e l d 
sites i n th is s t u d y . T h e p r e d i c t a b i l i t y of this s i m p l e ra t io a p p r o a c h is increased t h r o u g h the analysis of 
Dehalococcoides sp. ra ther t h a n T o t a l Dech lor ina tors as i n d i c a t e d b y b o t h increased r 2 values a n d reduced 
p values for the regress ion re la t ionships . I n a d d i t i o n , analysis of so i l samples are seen i n Table 4 to also 
increase the p r e d i c t a b i l i t y o f the d e v e l o p e d re la t ionships based o n the negat ive slope of the regression 
equat ion , the increased r2 values , a n d the equiva lent p values for far f e w e r n u m b e r of samples i n c l u d e d 
i n the regression analysis . 
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W h i l e the c o n v e n t i o n a l PCR analyses c o n d u c t e d i n this s t u d y are n o t as q u a n t i t a t i v e l y predictable as 
desired, the results d o indica te the f u n c t i o n a l re la t ionsh ip b e t w e e n h i g h i r o n r e d u c i n g p o p u l a t i o n s , l o w 
d e c h l o r i n a t o r p o p u l a t i o n s , a n d the lack of complete T C E t r a n s f o r m a t i o n observed u n d e r f i e l d condi t ions 
at T C E c o n t a m i n a t e d sites t h r o u g h o u t n o r t h e r n U t a h . The f u n c t i o n a l r e l a t i o n s h i p suggested b y these 
q u a l i t a t i v e s t a n d a r d PCR results lead to the need for m o r e q u a n t i t a t i v e analysis of c o m m u n i t y 
c o m p o s i t i o n t h r o u g h the use of RT-PCR techniques. I t is h o p e d tha t w i t h a m o r e q u a n t i t a t i v e 
d e t e r m i n a t i o n of n o t o n l y the presence/absence, b u t the n u m b e r of specific cells of a g i v e n species or 
w i t h specific f u n c t i o n a l gene a c t i v i t y w i t h i n these n o r t h e r n U t a h f i e l d sites tha t a m o r e rel iable a n d 
stat ist ical ly s ign i f i cant d e c h l o r i n a t i o n a c t i v i t y pred ic tor can be d e v e l o p e d . I n a d d i t i o n , i t is h o p e d that a 
t h r e s h o l d n u m b e r of m e m b e r s of the c o m m u n i t y can be i d e n t i f i e d to h e l p m o r e ef fect ively des ign 
r e m e d i a t i o n approaches ( b i o s t i m u l a t i o n versus b i o a u g m e n t a t i o n ) at these a n d other so lvent 
c o n t a m i n a t e d sites t h r o u g h o u t U t a h . The f o l l o w - o n U W R L f u n d e d e f f o r t to generate RT-PCR data f r o m 
these f i e l d site so i l a n d g r o u n d w a t e r samples is c u r r e n t l y u n d e r w a y , a n d m e t h o d Q A / Q C results are 
presented b e l o w . 

RT-PCR results are s t i l l b e i n g generated for the f i e l d samples col lected i n th is s t u d y , b u t sample 
h a n d l i n g a n d analysis procedures have been f i n a l i z e d , and o p t i m a l p r i m e r annea l ing temperatures and 
m e t h o d q u a n t i t a t i v e r e p o r t i n g l i m i t s for the probes have been generated. The results of these Q A / Q C 
act ivi t ies are s u m m a r i z e d i n Table 5 for the p r i m e r s used i n RT-PCR analysis of these f i e l d samples. 
Q u a n t i t a t i v e results for these RT-PCR analyses are ant ic ipated to be c o m p l e t e d b y the end of the calendar 
year f o r p r e p a r a t i o n of a f i n a l r epor t , a n a d d i t i o n a l Seed G r a n t to SERDP, a n d a m a n u s c r i p t for 
s u b m i s s i o n to the Journa l of E n v i r o n m e n t a l E n g i n e e r i n g of A S C E i n the S p r i n g of 2007. 

Work Plan FY07/FY08: 
T h e project research a p p r o a c h is as f o l l o w s : G r o u n d w a t e r (and soi l samples w h e n available) have 

been collected f r o m k n o w n c h l o r i n a t e d so lvent i m p a c t e d sites f r o m t h r o u g h o u t n o r t h e r n U t a h that have 
h i s to r i c a l w a t e r c h e m i s t r y data avai lable for t h e m . D N A f r o m these samples has been extracted and 
a n a l y z e d for specific o rgan i sms a n d a range of f u n c t i o n a l metabol ic c a p a b i l i t y u s i n g 16s r D N A and 
f u n c t i o n a l gene m o l e c u l a r probes u s i n g s t a n d a r d polymerase c h a i n reac t ion (PCR) techniques. Specific 
organisms of interest i n c l u d e : f o u r Dehalococcoides species responsible f o r PCE, TCE, D C E , V C a n d 
T C A / D C A d e g r a d a t i o n ; f i ve other deha logenat ing species responsible f o r p a r t i a l PCE/TCE 
d e g r a d a t i o n ; f o u r species of i r o n r e d u c i n g bacteria (Geobacter, Geothrix, Rhodoferrax, a n d Schewanella) and 
the f a m i l y Geobacteracea, a l l suspected of c o m p e t i n g w i t h the dech lor ina tors d u r i n g site m a n i p u l a t i o n ; 
t w o species of sulfate r e d u c i n g organisms ; a n d one species of methanogenic bacteria. F u n c t i o n a l gene 
probes tha t w e r e used i n c l u d e d : probes des igned to detect c p r A , pceA/pceB, tceA, a n d v c r A i n 
d e c h l o r i n a t i n g organisms ; a n d f u n c t i o n a l probes designed to detect i r o n reductase genes i n i r o n 
reducers , n i t ra te reductase i n n i t ra te reducers , a n d one f u n c t i o n a l probe for genes c o d i n g for methane 
p r o d u c t i o n i n methanogenic bacteria. 

U s i n g these m o l e c u l a r p r o b e results for the detect ion of specific m i c r o o r g a n i s m s a n d their f u n c t i o n a l 
capabi l i t ies , re la t ionships are b e i n g e x p l o r e d b e t w e e n the abundance of specific m i c r o o r g a n i s m s , 
c o m p e t i n g f u n c t i o n a l a c t i v i t y a n d the observa t ion of the nature a n d extent of d e c h l o r i n a t i o n ac t iv i ty i n 
samples t h r o u g h o u t these f i e l d sites. 

Recent ly f u n d e d w o r k inc ludes the use of a subset of these 16s r D N A a n d f u n c t i o n a l gene probes 
w i t h real t i m e PCR (RT-PCR) i n s t r u m e n t a t i o n to generate q u a n t i t a t i v e i n f o r m a t i o n r e g a r d i n g the 
n u m b e r s of organisms a n d f u n c t i o n a l gene copies i n e n v i r o n m e n t a l samples to i m p r o v e the r e l i a b i l i t y 
a n d conf idence i n re la t ionships a m o n g cell n u m b e r s a n d f u n c t i o n a n d d e c h l o r i n a t i o n capacity at 
i m p a c t e d sites. The RT-PCR i n s t r u m e n t a t i o n is h i g h l i g h t e d i n a n associated M L F repor t . 

Benefits to the State: 
T h e use of c h l o r i n a t e d solvents has been h i s tor i ca l ly w i d e s p r e a d t h r o u g h o u t U t a h r e s u l t i n g i n a 

legacy of c o n t a m i n a t e d g r o u n d w a t e r sites at b o t h f o r m e r and c u r r e n t l y o p e r a t i n g i n d u s t r i a l facil it ies. This 
c h l o r i n a t e d solvent i m p a c t e d g r o u n d w a t e r poses a s igni f icant threat to p u b l i c h e a l t h a n d the e n v i r o n m e n t 
w h e n exposure p a t h w a y s are c o m p l e t e d as seen f r o m the recent detec t ion of T C E a n d is d e g r a d a t i o n 
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p r o d u c t s i n f r u i t trees a n d f r u i t g r o w i n g above g r o u n d w a t e r p l u m e s l e a v i n g the w e s t side of H i l l A i r 
Force Base ( H A F B ) . C h l o r i n a t e d solvents can also c o m p r o m i s e d r i n k i n g w a t e r suppl ies as is the case w i t h 
the Sugar H o u s e Park P l u m e site, m a k i n g c h l o r i n a t e d so lvent c o n t a m i n a t i o n a g r o w i n g concern as 
pressure increases to c o n t i n u e to d e v e l o p g r o u n d w a t e r suppl ies to meet increas ing d e m a n d s for 
m u n i c i p a l and i n d u s t r i a l w a t e r d e m a n d s . R e m e d i a t i o n of th is i m p a c t e d g r o u n d w a t e r is possible t h r o u g h 
the m a n i p u l a t i o n o f site c o n d i t i o n s or t h r o u g h the a d d i t i o n of acc l imated organisms capable o f solvent 
d e g r a d a t i o n . A n a p r i o r i d e t e r m i n a t i o n o f w h i c h r e m e d i a l o p t i o n (site m a n i p u l a t i o n or b i o a u g m e n t a t i o n ) 
w i l l be effective at a g i v e site is n o t easily done w i t h o u t expensive lab-scale t r e a t a b i l i t y de terminat ions 
even w i t h extensive site w a t e r q u a l i t y m o n i t o r i n g data, a n d p r e v i o u s w o r k at H A F B b y the U t a h W a t e r 
Research L a b o r a t o r y ( U W R L ) has i n d i c a t e d t h a t c o m p e t i t i o n b e t w e e n n a t i v e i r o n r e d u c i n g bacteria and 
c h l o r i n a t e d so lvent degraders can c o m p l e t e l y i n h i b i t so lvent r e m e d i a t i o n at locat ions t h o u g h t to be 
amenable to inexpens ive site m a n i p u l a t i o n strategies. W i t h a n i m p r o v e d u n d e r s t a n d i n g of the 
c o m p o s i t i o n of m i c r o b i a l c o m m u n i t i e s a n d f u n c t i o n a l metabol ic capabil i t ies tha t c o n t r o l the fate of 
c h l o r i n a t e d so lvent d e g r a d a t i o n at c o n t a m i n a t e d sites, m o r e r a p i d , re l iable a n d cost-effective decisions 
r e g a r d i n g site r e m e d i a t i o n can be made , a n d sites can b e g i n to be recovered so t h a t g r o u n d w a t e r resources 
are n o t p e r m a n e n t l y lost i n the f u t u r e . 
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Table 1 . M o l e c u l a r probes used to generate m i c r o b i a l c o m m u n i t y i n f o r m a t i o n f r o m f i e l d sites 
inves t igated i n th is s t u d y u s i n g s t a n d a r d PCR techniques . 

Target Probe N a m e Species/Strain Product S i z e (bp) 
Dehalococcoides 2 ethanogenes/195, B A V 1 ; sp. C B D B 1 , FL2 104 
Dehalococcoides 3 ethanogenes/BAV1; sp. C B D B 1 , FL2 137 
Dehalococcoides 9 ethanogenes/195, B A V 1 ; sp. C B D B 1 , FL2 1377 
Dehalococcoides 10 ethanogenes/195, B A V 1 ; sp. C B D B 1 , FL2 307 
D e c h l o r i n a t o r 4 Desulfuromonas michiganensis BB1 254 
D e c h l o r i n a t o r 6 Dehalobacter restrictus 215 
D e c h l o r i n a t o r 7 Dehalospirillum multivorans 218 

F u n c t i o n a l Gene V 2 v c r A B ( v i n y l c h l o r i d e reductase gene) 442 
Geobacteraceae Ge F a m i l y - l e v e l p r i m e r for c o m p e t i n g e lectron 276 

accepting process c o m m u n i t y 
I r o n Reducer G Geobacter sulfureducens 264 
I r o n Reducer Sw Schewanella sp. 462 
I r o n Reducer R h Rhodoferrax ferrireducens 207 

Table 2. M o l e c u l a r probes used to generate m i c r o b i a l c o m m u n i t y i n f o r m a t i o n f r o m f i e l d sites 
inves t igated i n th is s t u d y u s i n g q u a n t i t a t i v e RT-PCR techniques 

Target 
D e c h l o r i n a t o r 
D e c h l o r i n a t o r 

I r o n Reducer 
I r o n Reducer 
I r o n Reducer 

F u n c t i o n a l Gene 
F u n c t i o n a l Gene 
F u n c t i o n a l Gene 

Eubacteria 

Probe N a m e 

10 

~~G~ 
Sw 

R h 
V 2 
dsr 
m c r 

Species/Strain 
Desulfuromonas michiganensis BB1 

Dehalococcoides ethanogenes/195, B A V 1 ; sp. 
C B D B 1 , FL2  

Geobacter sulfureducens  
Schewanella sp. 

Rhodoferrax ferrireducens 
v c r A B ( v i n y l c h l o r i d e reductase gene)  

d s r A ( d i s s i m i l a t o r y sulfate reductase gene) 
m c r A gene i n methanogens  
General Eubacter ia l D N A 

Product S i z e (bp) 
254 
307 

~264~ 
462 
207 
442  
243  
258 
180 

Table 3. Rat io of Frequency of Occurrence of p o s i t i v e PCR detect ions of I r o n R e d u c i n g O r g a n i s m s to 
Dehalococcoides sp. a n d I r o n R e d u c i n g O r g a n i s m s to T o t a l D e c h l o r i n a t o r s a n d v a l u e of site d e c h l o r i n a t i n g 
a c t i v i t y I n d i c a t o r V a r i a b l e f r o m f i e l d sites inves t iga ted i n th is s t u d y . 

I ron 
Reducers/Total 
Dechlorinators Site 

O U 5 - W a t e r 
O U 5 - S o i l 
OU2-Pre 

OU2-Post 
L i t t l e M t n . 

O U 1 0 - W a t e r 
OU10-Soi l 

D u g w a y - W a t e r 
D u g w a y - S o i l 

B o u n t i f u l / W C -
Water 

B o u n t i f u l / W C -
Soil 

SLC W e l l s 

Status of 
Dechlor inat ion Act ivi ty 

Dechlor inat ion 
Act ivi ty Indicator 

V a r i a b l e 
I ron 

R e d u c e r s / D H C 
N o D e c h l o r i n a t i o n 
N o D e c h l o r i n a t i o n 

Part ia l D e c h l o r i n a t i o n 
Part ia l D e c h l o r i n a t i o n 

F u l l D e c h l o r i n a t i o n 
Part ia l D e c h l o r i n a t i o n 
Part ia l D e c h l o r i n a t i o n 

F u l l D e c h l o r i n a t i o n 
F u l l D e c h l o r i n a t i o n 

N o D e c h l o r i n a t i o n 

N o D e c h l o r i n a t i o n 
N o D e c h l o r i n a t i o n 

0 
0 

0.5 
0.5 

0.5 
0.5 

_0_ 
0 

0.00 
1.34 
1.67 
1.34 
0.78 
1.00 
0.83 
2.29  
1.13 

1.38 

2.00 
1.50 

0.00 
0.56 
0.67 
0.57 
0.35 
0.43 
0.28 
0.96  
0.59 

0.78 

0.83 
0.64 

0 
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Table 4. Regression results for D e c h l o r i n a t i o n A c t i v i t y versus Ratio of Frequency of Occurrence of 
p o s i t i v e PCR detections of I r o n R e d u c i n g O r g a n i s m s to Dehalococcoides sp. a n d I r o n R e d u c i n g O r g a n i s m s 
to T o t a l D e c h l o r i n a t o r s f r o m f i e l d sites inves t iga ted i n th is s t u d y . 

Relat ionship , Dechlor inat ion 
Act ivi ty versus 

Slope r 2 p V a l u e n Statistically 
Signif icant 

I r o n R e d u c i n g O r g a n i s m s to 
Dehalococcoides sp. - W a t e r 

0.59 0.1324 0.3756 8 N o 

I r o n R e d u c i n g O r g a n i s m s to 
Dehalococcoides sp. -Soi l 

-0.64 0.3854 0.3792 4 N o 

I r o n R e d u c i n g O r g a n i s m s to T o t a l 
D e c h l o r i n a t o r s - W a t e r 

0.18 0.0661 0.5388 8 N o 

I r o n R e d u c i n g O r g a n i s m s to T o t a l 
D e c h l o r i n a t o r s - Soil -0.17 0.1320 0.6366 4 N o 

Table 5. Q A / Q C results for m o l e c u l a r probes used to generate m i c r o b i a l c o m m u n i t y i n f o r m a t i o n f r o m 
f i e l d sites inves t iga ted i n th is s t u d y u s i n g q u a n t i t a t i v e RT-PCR techniques. 

Target/Probe N a m e 
Desulfuromonas michiganensis BB1 , Probe 4  

Dehalococcoides ethanogenes/195, B A V 1 ; sp. C B D B 1 , FL2, Probe 
10 

Geobacter sulfureducens, Probe G  
Schewanella sp., Probe S w 

Rhodoferrax ferrireducens, Probe R h  
v c r A B ( v i n y l c h l o r i d e reductase gene), Probe V 2  

d s r A ( d i s s i m i l a t o r y sulfate reductase gene), Probe dsr 
m c r A gene i n methanogens , Probe m c r  

General Eubacter ia l D N A , Probe E u 

O p t i m a l A n n e a l i n g 
Temperature , °C 

61 
55 

56 
59 
60 
60 

60.6  
58 
60 

Q R L , 
C o p i e s / m L 

322 
23.5 

214 ' 
220 
715 ~  
1.2 

450 
2,500 
24.3 
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Figure 1 . Frequency of Occurrence of p o s i t i v e PCR detect ions of Dehalococcoides sp., O t h e r D e c h l o r i n a t o r s , 
I r o n R e d u c i n g bacteria, a n d the f u n c t i o n a l gene v c r A B i n f i e l d samples collected f r o m t h r o u g h o u t 

n o r t h e r n U t a h i n 2005. 

F igure 2. Ratio of Frequency of Occurrence of p o s i t i v e PCR detect ions of I r o n R e d u c i n g O r g a n i s m s to 
Dehalococcoides sp. a n d I r o n R e d u c i n g O r g a n i s m s to T o t a l D e c h l o r i n a t o r s i n f i e l d 

samples collected f r o m t h r o u g h o u t n o r t h e r n U t a h i n 2005. 
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Figure 3. L inear regression analysis of the ra t io of the f requency of detect ion of i r o n r e d u c i n g to 
Dehalococcoides bacteria i n w a t e r samples collected f r o m f i e l d sites 

t h r o u g h o u t n o r t h e r n U t a h i n 2005. 
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Figure 4. L inear regression analysis of the ra t io of the f requency of detect ion of i r o n r e d u c i n g to 
Dehalococcoides bacteria i n soi l samples collected f r o m f i e l d sites 

t h r o u g h o u t n o r t h e r n U t a h i n 2005. 
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Figure 5. L inear regression analysis of the ra t io of the f requency of detect ion of i r o n r e d u c i n g 
to t o t a l d e c h l o r i n a t i n g bacteria i n water samples collected f r o m f i e l d sites 

t h r o u g h o u t n o r t h e r n U t a h i n 2005. 
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Figure 6. L inear regression analysis of the ra t io of the f requency of detect ion of i r o n r e d u c i n g 
to t o t a l d e c h l o r i n a t i n g bacteria i n soi l samples collected f r o m f i e l d sites t h r o u g h o u t 

n o r t h e r n U t a h i n 2005. 
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Hazardous and Toxic Waste Management 

Applications of Gene Probes to Utah Sites for Remediation 

Principal Investigators): 
Ronald C. Sims 
Charles Miller 
Yanna Liang 

Project Description: 
Toxic a n d carcinogenic chemicals can enter U t a h soils a n d g r o u n d w a t e r f r o m a v a r i e t y of sources, 

i n c l u d i n g i n d u s t r i a l chemica l p lants , used oils , disposal of w o o d preservat ives , a n d accidental spil ls of 
chemical p r o d u c t s . I n c i n e r a t i o n of c o n t a m i n a t e d soi l or excavat ion a n d r e m o v a l are expensive solut ions . 
B io logica l t r e a t m e n t w i t h n a t u r a l l y o c c u r r i n g microbes offers a n inexpens ive s o l u t i o n , a n d i f there is no 
need to a d d microbes s o l d b y v e n d o r s t h e n the soi l can be restored u t i l i z i n g n a t u r a l l y o c c u r r i n g microbes 
at least cost to the p r o p e r t y o w n e r a n d / o r the state ( l a n d o w n e r ) . 

Accomplishments: 
N e w f i n d i n g s are t h a t the microbes tha t can destroy chemical carcinogens also have the a b i l i t y to 

degrade the toxic w o o d preservat ive p e n t a c h l o r o p h e n o l (PCP). N e w i n f o r m a t i o n o n the b i o l o g y a n d 
b i o c h e m i s t r y of the microbes has been d e v e l o p e d to better u n d e r s t a n d h o w the microbes operate i n a soi l 
e n v i r o n m e n t . 

Work Plan FY 07/FY 08: 
Microbes w e r e d iscovered t h r o u g h research conducted at the U t a h W a t e r Research L a b o r a t o r y that 

can degrade carcinogenic chemicals present i n p e t r o l e u m a n d w o o d p r e s e r v i n g m i x t u r e s . A genetic 
p r o b e t o o l was engineered to i d e n t i f y these organisms q u i c k l y a n d i n e x p e n s i v e l y i n so i l systems 
c o n t a m i n a t e d w i t h toxic a n d carcinogenic chemicals. Soil samples f r o m N o r t h e r n a n d Southern U t a h 
w e r e t a k e n a n d tested for the presence of these use fu l microbes . 

Benefits to the State: 
This year the pract ica l t o o l (gene probe) tha t w a s created last year w a s a p p l i e d to U t a h sites to 

d e t e r m i n e i f microbes are n a t u r a l l y present i n U t a h soils tha t have the c a p a b i l i t y to t r a n s f o r m carcinogens 
present i n wastes or chemicals s p i l l e d onto soi l i n t o p r o d u c t s tha t are harmless to h u m a n s a n d the 
e n v i r o n m e n t . Samples f r o m N o r t h e r n a n d Southern U t a h w e r e tested a n d f o u n d to c o n t a i n these h e l p f u l 
microbes . W e also tested the microbes for the i r a b i l i t y to destroy another p o l l u t a n t used to preserve w o o d 
(Pentach lorophenol or PCP), a n d the results w e r e successful. The i n f o r m a t i o n tha t w a s d e v e l o p e d is 
h e l p f u l to the State of U t a h for benef ic ia l reuse a n d sus ta inabi l i ty of soi l fo r t r e a t m e n t of organic wastes i n 
l a n d t rea tment systems. I n the State of U t a h m a n y r u r a l m u n i c i p a l i t i e s a n d i n d u s t r i e s use l a n d t reatment 
f o r waste m a n a g e m e n t , a n d the sustainable a n d safe l o n g - t e r m use are o f concern. 
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Hazardous and Toxic Waste Management 

Components of the Alternative Electron Acceptor-Using Bacterial 
Community in T C E Contaminated Aquifers in Northern Utah: Phases I 
and II 

Principal Investigators): 
Darwin L. Sorensen 
R. Ryan Dupont 
Joan £ McLean 
Jeanette M. Norton 
Carmen Yupanqui Zaa 

Project Description: 
K n o w i n g the d i s t r i b u t i o n of c h l o r i n a t e d ethene solvent d e g r a d i n g bacteria a n d p o t e n t i a l l y c o m p e t i n g 

i r o n r e d u c i n g i n c o n t a m i n a t e d aqui fer p l u m e s w e s t of H i l l A i r Force Base ( H A F B ) m a y be cr i t ica l to 
a p p r o p r i a t e l y choos ing to a p p l y b i o s t i m u l a t i o n a n d / o r b i o a u g m e n t a t i o n t rea tment . The project is 
d i rec ted at descr ib ing the m i c r o b i a l ecology of T C E - c o n t a m i n a t e d aquifers at H A F B i n terms that can be 
used i n t rea tment sys tem e v a l u a t i o n a n d des ign . The objective is to describe the d i s t r i b u t i o n of 
p o p u l a t i o n s of bacteria t h a t are be l i eved to be cr i t i ca l to the success of b i o s t i m u l a t i o n t rea tment i n solvent 
c o n t a m i n a t e d aquifers . These c r i t i ca l bacter ia l p o p u l a t i o n s are, p r i n c i p a l l y , bacter ia t h a t are capable of 
r e s p i r a t o r y m e t a b o l i s m u s i n g c h l o r i n a t e d solvents such as T C E a n d bacteria tha t respire b y r e d u c i n g 
i r o n . 

Accomplishments: 
Soi l cores w e r e col lected i n a T C E - c o n t a m i n a t e d p l u m e at O U 5 o n a n d near H i l l A F B . These cores 

w e r e assayed for a v i n y l c h l o r i d e reductase (vcrAB) gene as an i n d i c a t o r for the p o t e n t i a l of the bacterial 
c o m m u n i t y to reduce v i n y l c h l o r i d e , a carcinogenic p r o d u c t of d e h a l o r e s p i r a t i o n of T C E . Assays w e r e 
also d o n e for the 16s r D N A gene for Dehalococcoides, an o r g a n i s m capable of r e d u c t i v e dehalogenat ion of 
TCE. B o t h the vcrAB gene a n d Dehalococcoides w e r e detected i n some of the samples. This i m p l i e s that 
the c a p a b i l i t y for r e d u c t i v e d e h a l o g e n a t i o n exists at this c o n t a m i n a t e d site. T h e fact that dehalogenat ion 
is not b e i n g observed at th is site suggests that e n v i r o n m e n t a l c o n d i t i o n s , p r o b a b l y i n c l u d i n g the lack of 
r e d u c i n g c o n d i t i o n s a n d the lack of suf f ic ient e lectron d o n o r , are l i m i t i n g the d e v e l o p m e n t of this 
process. 

Q u a n t i t a t i v e po lymerase c h a i n reac t ion assays d e m o n s t r a t e d tha t the c a p a b i l i t y for r e d u c t i v e 
d e h a l o g e n a t i o n exists at the c o n t a m i n a t e d site west of H A F B . The fact t h a t d e h a l o g e n a t i o n is n o t b e i n g 
observed at th is site suggests that e n v i r o n m e n t a l condi t ions , p r o b a b l y i n c l u d i n g the lack of suff ic ient 
e lec t ron d o n o r a n d a n a e r o b i c / r e d u c i n g condi t ions , are l i m i t i n g the d e v e l o p m e n t of th i s process. 
E n r i c h m e n t cul tures for p o o r l y - c r y s t a l l i n e - i r o n r e d u c i n g bacteria w e r e i n i t i a t e d i n c l u d i n g a d i l u t i o n - t o -
e x t i n c t i o n e n r i c h m e n t for these k i n d s of bacteria to isolate the cu l turab le i r o n - r e d u c i n g bacteria that are 
i n the samples i n the h ighest n u m b e r s . Some i r o n r e d u c i n g bacteria w e r e i so la ted f r o m the m o r e d i l u t e 
e n r i c h m e n t s that s h o w e d i r o n r e d u c t i o n o n s o l i d g r o w t h m e d i a c o n t a i n i n g chelated, o x i d i z e d i r o n or 
p o o r l y crystal l ine i r o n o x i d e or the i r o n ox ide m i n e r a l , goethi te . These bacter ia are b e i n g characterized. 

Work Plan FY07/FY08: 
C u l t u r e - i n d e p e n d e n t m e t h o d s of i d e n t i f y i n g a n d q u a n t i f y i n g bacteria, i n c l u d i n g real - t ime, 

q u a n t i t a t i v e PCR (qPCR), f r o m aqui fer m a t e r i a l are b e i n g used. Cores of the u p p e r m o s t , contaminated 
a q u i f e r m a t e r i a l i n Sunset, U t a h , w e r e collected w i t h the v e r y generous s p o n s o r s h i p o f the 
E n v i r o n m e n t a l Res torat ion direc torate of H A F B . E n r i c h m e n t c u l t u r e m e t h o d s i n c l u d i n g a d i l u t i o n - t o -
e x t i n c t i o n procedure , are also b e i n g used to h e l p isolate a n d estimate the p o p u l a t i o n dens i ty of the i r o n 

4-19 



Hazardous and Toxic Waste Management 

r e d u c i n g bacteria i n selected samples . The presence a n d a p p r o x i m a t e concentra t ion of i r o n r e d u c i n g 
bacteria i n c l u d i n g m e m b e r s of the Geobacteriaceae have been d e t e r m i n e d i n u n a m e n d e d samples of 
aqui fer m a t e r i a l f r o m o p e r a t i n g u n i t s (OUs) 5 a n d 9 at H A F B . Research proposa ls w e r e prepared and 
s u b m i t t e d to the D e p a r t m e n t of Defense, D e p a r t m e n t of Energy a n d E n v i r o n m e n t a l Protec t ion A g e n c y 
Strategic E n v i r o n m e n t a l Research a n d D e v e l o p m e n t P r o g r a m (SERDP) a n d to the D e p a r t m e n t of 
Energy's E n v i r o n m e n t a l R e m e d i a t i o n Science P r o g r a m . 

Benefits to the State: 
C h l o r i n a t e d solvents i n g r o u n d w a t e r e n v i r o n m e n t s represent a threat to p u b l i c hea l th . E n v i r o n m e n t a l 

regula t ions d e m a n d the c leanup of this k i n d of c o n t a m i n a t i o n . E v a l u a t i n g the p r o b a b i l i t y of success o f 
c leanup technology represents an o p p o r t u n i t y for i m p r o v e m e n t of the U t a h e n v i r o n m e n t a n d protec t ion 
to the h e a l t h of the cit izens of the state. A v o i d i n g the misuse of t echnology can hasten c leanup and a v o i d 
the w a s t e f u l e x p e n d i t u r e of l i m i t e d c leanup f u n d s . The project has been focused o n H i l l A i r Force Base b u t 
w i l l have a p p l i c a t i o n to t r i ch loroe thene (TCE), a n d other c h l o r i n a t e d ethene, c o n t a m i n a t i o n at several 
locations w i t h i n U t a h . 
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Defining the Bioavailability of Toxic Trace Elements Using Microbial 
Biosensors 

Principal Investigators): 
Joan E. McLean 
Anne Anderson 
Charles Miller 
Mindy Wouden Pabst 

Project Description: 
This project has focused o n the i n v e s t i g a t i o n o f h o w bacterial cells interact w i t h toxic metals i n 

aqueous samples. I t is w e l l k n o w n t h a t o n l y a p o r t i o n of the to ta l m e t a l c o n c e n t r a t i o n i n s o l u t i o n is t a k e n 
u p b y a n o r g a n i s m a n d causes a b i o l o g i c a l response. The general t h e o r y is tha t o n l y the free meta l i o n , 
e.g., C d 2 + , is b ioava i lab le . Presently the to ta l a m o u n t of d isso lved metals i n s o l u t i o n is ana lyzed and 
geochemical m o d e l i n g is used to estimate the assumed b ioavai lab le f r a c t i o n , the free m e t a l i o n . W e have 
d e v e l o p e d m e t a l de tec t ing b i o l u m i n e s c e n t m e t h o d s u s i n g a r o o t - c o l o n i z i n g b a c t e r i u m Pseudomonas 
putida. The b a c t e r i u m produces l i g h t u n t i l there is ox ida t ive stress i n the cell o n exposure to bioavai lable 
metals . The sens i t iv i ty a n d selectively of response has been tested. A l s o w e are u s i n g these bacteria to 
better u n d e r s t a n d the r e l a t i o n s h i p a m o n g s o l u t i o n chemistry , m e t a l a d s o r p t i o n o n t o a n d i n t o the cell 
w a l l , a n d m e t a l a b s o r p t i o n i n t o the cell a n d the c o r r e s p o n d i n g bioresponse. 

Accomplishments: 
T h e three d e v e l o p e d m u t a n t s of Pseudomonas putida Corva l l i s , Bfr , C a t A , a n d FeSOD, have been 

tested for sens i t iv i ty a n d se lect iv i ty t o copper a n d c a d m i u m . There w a s s ign i f i cant decrease i n l i g h t 
o u t p u t w h e n cells w e r e exposed to 0.1 m g / L C u a n d 1.0 m g / L C d , i n i t i a l s o l u t i o n concentrat ion . 
C a d m i u m a n d copper d i f f e r e n t i a l l y affect m e t a b o l i s m a l t h o u g h b o t h cause o x i d a t i v e stress i n the 
bacteria . 

A d s o r p t i o n of the m e t a l to the cell surface is a pre-request for the a b s o r p t i o n of the meta l i n t o the cell . 
M o s t studies of m e t a l s o r p t i o n b y cells o n l y analyze the to ta l a m o u n t of m e t a l r e m o v e d f r o m s o l u t i o n , 
b u t d o n o t r e p o r t o n the actual a m o u n t of m e t a l that is i n t e r n a l i z e d b y the o r g a n i s m causing a 
bioresponse. I n this s t u d y w e have a t t e m p t e d to def ine the specific l o c a t i o n of copper a n d c a d m i u m o n 
o r i n the cell u s i n g chemical extractants. For copper, overa l l s o r p t i o n w a s extensive, w i t h a K d value of 
2700 L / k g ( K d = a m o u n t of m e t a l associated w i t h the c e l l / a m o u n t of m e t a l r e m a i n i n g i n so lu t ion) . The 
p a r t i t i o n i n g of copper a m o n g surface b o u n d , m e m b r a n e b o u n d a n d absorbed i n t o the cell w a s 
concent ra t ion dependent . A s the s o l u t i o n concentra t ion of copper increased, f r o m 0.5 to 2 m g / L , the cells 
s h i f t e d the p a r t i t i o n i n g of copper f r o m m e m b r a n e b o u n d to b e i n g h e l d o n the cell surface. Over this 
concent ra t ion range the p r o p o r t i o n of copper i n t e r n a l i z e d was constant, w i t h 20% of the to ta l copper 
r e m o v e d f r o m s o l u t i o n b e i n g t r a n s p o r t e d i n t o the cell . A t s o l u t i o n concentrat ions f r o m 4 to 10 m g / L , the 
r e l a t i v e p r o p o r t i o n of copper a m o n g surface b o u n d (49%), m e m b r a n e b o u n d (41%) a n d i n t e r n a l i z e d 
(10%) was i n d e p e n d e n t of concentra t ion . C o p p e r is a n essential n u t r i e n t a n d microbes have specific 
mechanisms to o b t a i n suf f i c ient copper, b u t at h i g h e r concentrat ions, above 4 m g / L , copper uptake i n t o 
the cel l was res tr ic ted. 

T h e o v e r a l l K d for c a d m i u m w a s 132 L / k g , s ign i f i cant ly l o w e r t h a n tha t observed for copper. 
C a d m i u m has no k n o w n n u t r i e n t f u n c t i o n i n microbes ; cells d o n o t ac t ive ly sequester c a d m i u m f r o m 
s o l u t i o n . A l s o u n l i k e copper, the d i s t r i b u t i o n of c a d m i u m a m o n g surface b o u n d , m e m b r a n e b o u n d a n d 
i n t e r n a l i z e d w a s i n d e p e n d e n t of concentrat ion, w i t h 80% of the to ta l a m o u n t of c a d m i u m associated 
w i t h the cell b o u n d to the surface a n d o n l y 1 % enter ing the cell . 
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The presence of l i g a n d s (sulfate, ch lor ide , citrate a n d acetate) d i d affect the re la t ive d i s t r i b u t i o n of 
metals a m o n g surface b o u n d , m e m b r a n e b o u n d and i n t e r n a l i z e d . Specific interact ions a n d effects of 
l igands o n b i o a v a i l a b i l i t y of copper a n d c a d m i u m are present ly b e i n g inves t iga ted . 

Work Plan FY 07/FY 08: 
The a p p r o a c h to th i s s t u d y is to evaluate each step of the bacter ia l response of a b i o l u m i n e s c e n t P. 

putida to copper a n d c a d m i u m . T h e s o l u t i o n chemis t ry w a s d e f i n e d b y p r e p a r i n g so lut ions of specific 
free meta l i o n act ivi t ies a n d specific m e t a l - l i g a n d act ivit ies . M e t a l - l i g a n d pairs of v a r y i n g s t rength were 
selected for s t u d y . C o m m o n i n o r g a n i c l igands (sulfate a n d ch lor ide ) a n d a n organic l i g a n d , citrate (a 
d icarboxy l i c ac id present i n r o o t exudates and w h i c h plays a v i t a l ro le i n b i o r e m e d i a t i o n of meta l 
c o n t a m i n a t e d soils) w e r e u t i l i z e d to c o m p l e x the copper a n d c a d m i u m i n these bioassays. The biosensor 
cells w e r e exposed to these so lut ions a n d the a m o u n t of meta l tha t w a s sorbed to the cell , as affected b y 
s o l u t i o n chemis t ry , w a s d e t e r m i n e d . The meta l sorbed b y the cell m a y be b o u n d to the surface or 
t r a n s p o r t e d i n t o the cell . W e d e t e r m i n e d the p a r t i t i o n i n g of the metals b e t w e e n external a n d i n t e r n a l 
sites u s i n g chemica l extract ions. The bioresponse to the a m o u n t of m e t a l i n t e r n a l i z e d was d e t e r m i n e d 
b y m e a s u r i n g the change i n l i g h t o u t p u t f r o m these biosensors. 

The objectives of th i s p r o p o s e d s t u d y are to : 

1 . D e t e r m i n e o p t i m a l c o n d i t i o n s f o r m a x i m u m responses of Pseudomonas putida Corva l l i s mutants 
Bfr , C a t A , a n d FeSOD biosensors to copper a n d c a d m i u m c o n s i d e r i n g g r o w t h phase, exposure 
t i m e , concent ra t ion of free meta l ions , c o m p e t i t i o n w i t h b a c k g r o u n d cations (Ca and K ) , a n d 
m u t a n t t y p e . 

2. D e t e r m i n e h o w the free copper a n d c a d m i u m ions interact w i t h a m u t a n t of the Pseudomonas 
putida, as d e f i n e d b y a d s o r p t i o n / a b s o r p t i o n of the ions o n t o or i n t o the cell a n d b y the 
c o r r e s p o n d i n g metabol ic responses i n d u c e d b y the increase or decrease i n l i g h t o u t p u t f r o m this 
l u m i n e s c e n t sensor. 

3. D e t e r m i n e h o w d i f f e r e n t m e t a l complexes f o u n d i n the e n v i r o n m e n t affect the bioresponse of 
copper a n d c a d m i u m . 

Benefits to the State: 
U t a h regula t ions o n the concent ra t ion of toxic heavy metals i n w a t e r a n d soils are based o n tota l 

c o n t a m i n a n t concentra t ion . This assessment does n o t p r o v i d e i n f o r m a t i o n o n p o t e n t i a l b i o a v a i l a b i l i t y of 
the m e t a l . The b i o a v a i l a b i l i t y of a m e t a l is related to the association of the m e t a l w i t h s o l u t i o n a n d so l id 
phase components , n o t necessarily the to ta l concentrat ion. M e t h o d s present ly used f o r the analysis of 
metals cannot d i s t i n g u i s h the b ioava i lab le f rac t ion . The use of bacter ia l biosensors w i l l a l l o w for a direct 
m e a s u r e m e n t of b i o a v a i l a b i l i t y . 

Results f r o m this research e f for t w i l l be used to deve lop technical m a n a g e m e n t strategies w i t h regards 
t o r isks for soils, sediments , a n d surface a n d g r o u n d w a t e r c o n t a m i n a t i o n based o n m o r e accurate 
measurements of b i o a v a i l a b i l i t y , a n d to d e v e l o p an a p p r o a c h to reduce r i s k to g r o u n d w a t e r a n d surface 
w a t e r posed b y m e t a l c o n t a m i n a t e d waters a n d soils i n U t a h . Results w i l l be u s e f u l t o the U t a h 
D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y , v a r i o u s m u n i c i p a l i t i e s i n the State of U t a h , the State D i v i s i o n of 
O i l , Gas, a n d M i n i n g , a n d c o u n t y agencies for d e v e l o p i n g effective w a t e r q u a l i t y m a n a g e m e n t p r o g r a m s 
f o r h e a v y meta l c o n t a m i n a t e d sites. 

• 

4-22 



Hazardous and Toxic Waste Management 

Gasoline Additives (MTBE and TBA) Natural Attenuation 

Principal Investigators): 
Ronald C. Sims 
William J. Doucette 
Joan E McLean 
Mark Greenwood 

Project Description: 
The D i v i s i o n o f E n v i r o n m e n t a l Response a n d R e m e d i a t i o n , U t a h D e p a r t m e n t o f E n v i r o n m e n t a l 

Q u a l i t y , m u s t oversee the r e m e d i a l i n v e s t i g a t i o n , feas ibi l i ty s t u d y , a n d r e m e d i a t i o n actions at a l l U t a h 
sites c o n t a m i n a t e d b y l e a k i n g u n d e r g r o u n d f u e l tanks (LUFTs) . The d i v i s i o n is c u r r e n t l y l a c k i n g i n 
procedures a n d tools tha t can be used to assist i n site character izat ion a n d assessment of the extent of the 
p r o b l e m a n d fate of M T B E . 

Accomplishments: 
1 . Test procedures have been d e v e l o p e d for d e v e l o p i n g q u a n t i t a t i v e i n f o r m a t i o n o n the a b i l i t y of 

sediments to absorb M T B E so that the chemical does n o t enter a d r i n k i n g w a t e r system, a n d the 
a b i l i t y of sediments of b i o d e g r a d e M T B E . 

2. M T B E can be b i o d e g r a d e d b y n a t u r a l l y o c c u r r i n g microbes i n g r o u n d w a t e r systems i n the 
presence of o x y g e n . 

3. M T B E can be sorbed (absorbed) b y sed iment a n d soi l mater ia ls s u c h tha t l i t t l e or no M T B E enters 
d r i n k i n g w a t e r systems. 

4 . The a b i l i t y of the s e d i m e n t to absorb M T B E depends u p o n the organic m a t t e r content of the 
sediment , w i t h m o r e organic mat ter a c c o m p l i s h i n g m o r e a b s o r p t i o n a n d less organic mat ter 
content a c c o m p l i s h i n g less a b s o r p t i o n of M T B E . 

Work Plan FY07/FY08: 
This project is des igned to measure propert ies of g r o u n d w a t e r sediments c o n t a m i n a t e d w i t h 

gasol ine c o n t a i n i n g the a d d i t i v e chemical M T B E for i m p r o v e d r e m e d i a t i o n at U t a h Sites. The goals of 
the project are to : (1) sample sites i d e n t i f i e d b y the U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y ( U D E Q ) 
f o r M T B E c o n t a m i n a t e d sediments , (2) conduct sediment tests to d e t e r m i n e p h y s i c a l a n d b io logica l 
propert ies , a n d (3) p r o v i d e the test results to the U n d e r g r o u n d Fuel T a n k (UFT) d i v i s i o n of U D E Q for 
the des ign a n d m o n i t o r i n g o f a r e m e d i a t i o n system. Locat ions of c o n t a m i n a t e d sites are i n the Salt Lake 
C i t y area i n Salt Lake C o u n t y . 

Benefits to the State: 
This project benefits the State of U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y , D i v i s i o n of 

E n v i r o n m e n t a l Response a n d R e m e d i a t i o n , i n i d e n t i f y i n g , selecting, a n d d e s i g n i n g g r o u n d water a n d 
s e d i m e n t r e m e d i a t i o n systems a n d m o n i t o r i n g systems for gasoline sites c o n t a m i n a t e d w i t h the a d d i t i v e 
M T B E ( m e t h y l - t e r t i a r y - b u t y l - e t h e r ) . T B A ( ter t iary b u t y l alcohol) is a t r a n s f o r m a t i o n p r o d u c t of M T B E a n d 
is a k n o w n carc inogen. M T B E is a suspected carc inogen tha t is soluble i n water , a n d has been r e p o r t e d to 
b e d i f f i c u l t to b i o d e g r a d e w i t h i n a g r o u n d w a t e r a n d sed iment e n v i r o n m e n t . 
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Gene Probes for PAHs and Wastewater Treatment 

Principal Investigators): 
Ronald C. Sims 
Charles Miller 
Anne Anderson 
Darwin L. Sorensen 

Project Description: 
M u n i c i p a l w a s t e w a t e r is a p r o d u c t of every t o w n a n d c i ty i n the State of U t a h . The m a j o r i t y of cities, 

t o w n s , a n d m u n i c i p a l i t i e s have a centra l ized wastewater t rea tment sys tem that m u s t meet increasingly 
s t r ingent regula t ions w i t h r e g a r d to t rea tment . Phosphorus is a p o l l u t a n t p r o d u c e d b y every central 
wastewater t r e a t m e n t p l a n t i n U t a h , a n d t rea tment s tandards have been set b y state a n d federal agencies 
( U D E Q a n d U.S. E P A ) a n d T M D L s are b e i n g d e v e l o p e d i n U t a h . A n inexpens ive a n d effective process of 
r e m o v a l of P h o s p h o r u s f r o m w a s t e w a t e r is needed. 

Accomplishments: 
W a s t e w a t e r samples w e r e a n a l y z e d b y the genetic probe for P H B (Bio-plastic) a n d results ind ica ted 

the presence of microbes w i t h the capabi l i ty to p r o d u c e P H B . 

Samples of w a s t e w a t e r a n d b ioso l ids f r o m the L o g a n a n d H y r u m m u n i c i p a l w a s t e w a t e r t reatment 
plants (Figure 1) w e r e t a k e n a n d a n a l y z e d u s i n g a genetic p r o b e to d e t e r m i n e the presence of microbes 
tha t t r a n s f o r m organic chemicals a n d the p o l l u t a n t p h o s p h o r u s i n t o b io-plas t i c p o l y m e r s . L a b o r a t o r y 
exper iments w e r e c o n d u c t e d i n f e rmentors to de termine the b io-plas t ic p r o d u c t i o n a m o u n t a n d rate. 

Bio-plast ic p r o d u c t i o n (F igure 2) occurs d u r i n g g r o w t h of the o r g a n i s m a n d is accumula ted w i t h i n 
the m i c r o b e cell as a n energy reserve. T h e ent ire o p e r a t i o n can be c o m p l e t e d w i t h i n days. 

Work Plan FY 07/FY08: 
T h i s project w a s u n d e r t a k e n to h e l p the Cities of L o g a n a n d H y r u m , U t a h . The objectives of the 

pro ject i n c l u d e : (1) test wastewaters o f L o g a n a n d H y r u m for the presence of m i c r o o r g a n i s m s that 
p r o d u c e bio-plast ic mater ia ls , (2) o p t i m i z e condi t ions for the m i c r o o r g a n i s m s to m a n u f a c t u r e b i o -
plastics, a n d (3) evaluate economica l a n d safe procedures for r e m o v i n g a n d concentra t ing the bio-plast ic 
mater ia ls f r o m the m i c r o o r g a n i s m s . 

Benefits to the State: 
This project w i l l benef i t the State o f U t a h b y p r o v i d i n g a n effective a n d inexpens ive process for the 

r e m o v a l of the p o l l u t a n t p h o s p h o r u s f r o m was tewater a n d the c o n v e r s i o n of w a s t e w a t e r chemicals i n t o 
b io-plas t ic mater ia ls that can be subs t i tu ted for petro leum-based plastics. The d e s i g n a n d d e v e l o p m e n t of 
a n economical system for c o n v e r s i o n o f was tewater chemicals i n t o b io-plast ics w i l l p r o v i d e a m o r e 
sustainable source of plastic mater ia ls a n d less reliance o n pe t ro leum-based plastics, a n d w i l l also p r o v i d e 
a n economical benef i t for the cities a n d cit izens i n v o l v e d . The systems d e v e l o p e d w i l l have appl icat ions 
t o other cities i n the State of U t a h . 

• 

4-24 



Figure 1 . U t a h State U n i v e r s i t y B i o l o g i c a l E n g i n e e r i n g s tudents take samples of B iosol ids f r o m 
the H y r u m U t a h Wastewater T r e a t m e n t Plant for e v a l u a t i o n of microbes that t r a n s f o r m waste 
chemicals i n t o b io-plas t ic p o l y m e r s that are b i o d e g r a d a b l e a n d can be used to replace p e t r o l e u m 
plastics. 

t (hrs) 

Figure 2. G r o w t h C u r v e f o r Bio-plast ic P r o d u c i n g M i c r o b e s h o w i n g O p t i c a l D e n s i t y ( g r o w t h ) as 
a f u n c t i o n of t i m e ( h o u r s ) . 
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Phytovolatilization Measurements at Hill Air Force Base, Utah 
Operable Unit 2, August-September 2005 

Principal Investigators): 
William J. Doucette 
Mike Petersen 
Bruce Bugbee 
Clint Rogers 

Project Description: 
U n d e r s t a n d i n g the p o t e n t i a l i m p a c t tha t p lants have o n s h a l l o w s o i l / g r o u n d w a t e r systems 

c o n t a m i n a t e d w i t h c h l o r i n a t e d solvents , such as t r i ch loroe thy lene (TCE), is c r i t i ca l i n e v a l u a t i n g the 
p o t e n t i a l effectiveness o f p h y t o r e m e d i a t i o n a n d q u a n t i f y i n g the re la t ive i m p a c t of p lants o n the overa l l 
n a t u r a l a t t e n u a t i o n processes i n v o l v e d w i t h these hazardous chemicals . I n f o r m a t i o n r e g a r d i n g the fate of 
T C E t a k e n u p i n t o p lants is also necessary to assess the p o t e n t i a l r i s k associated w i t h the c o n s u m p t i o n of 
these p lants b y h u m a n s a n d an imals . Tree s a m p l i n g for c h l o r i n a t e d solvents such as T C E c o u l d also be 
used to s u p p l e m e n t the g r o u n d w a t e r m o n i t o r i n g efforts used for p l u m e d e l i n e a t i o n . 

Accomplishments: 
T C E was f o u n d i n tree core samples collected f r o m 10 o f the 13 trees s a m p l e d w i t h i n O U 2 w i t h 

concentrat ions r a n g i n g f r o m the m e t h o d detec t ion l i m i t (<0.1 Mg/kg d r y w e i g h t ) to 200 Mg/kg fresh 
w e i g h t . T C E w a s also f o u n d i n the c o r r e s p o n d i n g s tem a n d leaf samples collected at the same t i m e at 
levels that w e r e genera l ly 10 (stems) to 100 (leaves) t imes l o w e r t h a n the cores. A n u m b e r of tree cores 
also conta ined measurable concentrat ions o f cis-DCE r a n g i n g f r o m less t h a n the m i n i m u m detect ion 
l i m i t ( M D L ) to 180 Mg/kg d r y w e i g h t . G r o u n d w a t e r samples ob ta ined f r o m several w e l l s near the tree 
locat ions range f r o m 70 (seep) to 200 Mg/L- Stable isotope samples w e r e inconc lus ive r e g a r d i n g the 
source of w a t e r u t i l i z e d b y the trees b u t the presence of T C E i n the tree core sample s t r o n g l y suggests the 
trees at O U 2 w e r e u s i n g p r i m a r i l y g r o u n d w a t e r . 

F ive o f the 13 O U 2 trees w e r e also s a m p l e d for p h y t o v o l a t i l i z a t i o n . Measurable T C E was detected 
i n the t r a n s p i r a t i o n gas o f a l l f i v e of these trees w i t h TSC values r a n g i n g f r o m 1 to 50 ug T C E per L of 
t r a n s p i r e d w a t e r col lected. Th is compares w i t h levels of 100 to 400 ug T C E / L of w a t e r d u r i n g a p r e v i o u s 
p h y t o v o l a t i l i z a t i o n s a m p l i n g c o n d u c t e d i n f a l l 1999 o n trees w i t h i n the same general loca t ion . G i v e n the 
v a r i a b i l i t y observed b e t w e e n d i f f e r e n t trees i n the same general loca t ion , the apparent dif ference i n 
p h y t o v o l a t i l i z a t i o n observed b e t w e e n the t w o s a m p l i n g events m a y n o t be s igni f i cant ; h o w e v e r , i t m a y 
also be a t t r i b u t e d to the general decrease i n the T C E g r o u n d w a t e r concentrat ions observed b e t w e e n 1999 
a n d 2005. O v e r a l l , the results of the August -September 2005 s a m p l i n g s h o w that the i n d i g e n o u s p o p l a r 
a n d w i l l o w trees are r e m o v i n g measurable a m o u n t s of T C E f r o m the subsurface t h r o u g h u p t a k e a n d 
p h y t o v o l a t i l i z a t i o n . 

U s i n g the range of TSC values (1 to 50 ug/V) measured a long w i t h estimates of d a i l y t r a n s p i r a t i o n b y 
i n d i v i d u a l trees (10 to 200 L / d a y ) , the T C E p h y t o v o l a t i l i z e d per tree can be est imated to range f r o m 1.8 
t o 1800 m g / y r a s s u m i n g a 180 d a y g r o w i n g season. Estimates of the p o t e n t i a l i m p a c t o f 
p h y t o v o l a t i l i z a t i o n at the site c o u l d be i m p r o v e d i f s i m i l a r s a m p l i n g w a s c o n d u c t e d at a d d i t i o n a l t imes 
t h r o u g h o u t the year to d e t e r m i n e i f there is any s igni f i cant seasonal v a r i a b i l i t y associated w i t h the 
m e a s u r e d TSC values a n d w i t h re f ined t r a n s p i r a t i o n estimates. Surface emissions ranged f r o m less t h a n 
5.6 L ig - T C E per d a y per square meter (/ig-TCE/d-m 2 ) to 256 u .g -TCE/d-m 2 i n d i c a t i n g t h a t i m p a c t of 
v o l a t i l i z a t i o n d i r e c t l y f r o m the soi l surface s h o u l d be evaluated as a p o t e n t i a l l y s igni f i cant a t t e n u a t i o n 
m e c h a n i s m for T C E at O U 2. T h e surface emiss ion data are comparable to s i m i l a r data ob ta ined i n 1999, 
w h e r e f luxes r a n g i n g f r o m 28 to 750 u g - T C E / d - m 2 w e r e observed at the O U 2 seep loca t ion . 
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Work Plan FY07/FY08: 
Plant tissue samples (tree cores, stems, a n d leaves) w e r e collected f r o m 13 trees located w i t h i n O U 2 

a n d analyzed for T C E u s i n g a headspace gas c h r o m a t o g r a p h y mass s p e c t r o m e t r y (GC/MS) m e t h o d . 
Water a n d x y l e m samples w e r e a n a l y z e d for stable isotopes u s i n g mass s p e c t r o m e t r y at the U n i v e r s i t y 
of U t a h Stable Isotope Rat io Fac i l i ty for E n v i r o n m e n t a l Research (SIRFER) L a b o r a t o r y . 
P h y t o v o l a t i l i z a t i o n samples w e r e ob ta ined f r o m 5 of the 13 trees b y seal ing a glass chamber over a 
representat ive section o f branch , p u r g i n g the chamber w i t h compressed b r e a t h i n g air, a n d col lect ing the 
t r a n s p i r e d w a t e r a n d T C E o n sorbent t raps . The mass of w a t e r col lected i n the si l ica gel traps was 
d e t e r m i n e d g r a v i m e t r i c a l l y a n d the a m o u n t o f T C E collected o n the T e n a x © sorbent tubes was 
d e t e r m i n e d u s i n g t h e r m a l d e s o r p t i o n gas c h r o m a t o g r a p h y mass s p e c t r o m e t r y ( G C / M S ) . The a m o u n t o f 
p h y t o v o l a t i l i z e d T C E w a s expressed i n terms o f a t r a n s p i r a t i o n s t ream concent ra t ion (TSC), ug TCE per 
l i ter of w a t e r t r a n s p i r e d . Soi l surface T C E emiss ion measurements w e r e m a d e at three O U 2 locations 
near the trees s a m p l e d f o r p h y t o v o l a t i l i z a t i o n . A f l o w t h r o u g h s a m p l i n g sys tem was used to collect a n d 
concentrate T C E e m i t t e d f r o m the so i l surface i n d e p e n d e n t of m i c r o m e t e o r o l o g i c a l c o n d i t i o n s w i t h i n the 
l o w e r a tmosphere . T h e r m a l d e s o r p t i o n gas c h r o m a t o g r a p h y mass s p e c t r o m e t r y ( G C / M S ) was used to 
q u a n t i f y the a m o u n t of T C E col lected. 

Benefits to the State: 
The results o f th is research w i l l d i r e c t l y benef i t the E n v i r o n m e n t a l M a n a g e m e n t at H i l l A i r Force Base 

( H A F B ) a n d the c i t i zen a d v i s o r y g r o u p s that m o n i t o r the g r o u n d w a t e r p o l l u t i o n a r o u n d H A F B a n d other 
c o n t a m i n a t e d g r o u n d w a t e r sites i n the state. 

• 
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Soil Bioremediation and Beneficial Reuse 

Principal Investigators): 
Ronald C. Sims 
Frank Olson 

Project Description: 
Beneficial reuse o f c o n t a m i n a t e d soi l is d i f f i c u l t to achieve because i t requires res tora t ion of 

a g r o n o m i c uses o f so i l after i t has been c o n t a m i n a t e d w i t h toxic a n d /or carcinogenic chemicals. Soil 
b i o r e m e d i a t i o n for benef ic ia l reuse restores the a b i l i t y of the soi l to susta in a g r o n o m i c p r o d u c t i o n a n d 
uses, a n d this t r e a t m e n t w a s eva luated i n th is project . 

Accomplishments: 
L a n d a p p l i c a t i o n systems are a p p r o p r i a t e for organic chemical i n d u s t r y waste, f o o d i n d u s t r y waste, 

a g r i c u l t u r a l , a n d m u n i c i p a l s o l i d wastes. The p h o t o g r a p h (Figure 1) s h o w s U S U students eva luat ing 
s o l i d waste f r o m a n a g r i c u l t u r a l i n d u s t r y i n O g d e n , U t a h . Results demonst ra te tha t w h e n soi l is 
adversely i m p a c t e d b y chemica l wastes i t is possible to u t i l i z e a g r i c u l t u r a l m e t h o d s of t i l l i n g a n d 
aerat ion a n d n u t r i e n t a d d i t i o n to restore (b ioremediate) so i l fo r benef ic ia l reuse. W e have deve loped 
theoret ical a n d pract ica l appl i ca t ions of l a n d f a r m i n g p r i n c i p l e s to d e v e l o p inexpens ive a n d effective 
m e t h o d s to restore d a m a g e d l a n d to a p o s i t i v e economic i m p a c t o n the i n d u s t r y , c o m m u n i t y , a n d state. 
B i o r e m e d i a t i o n of w a s t e - i m p a c t e d soi l can be accompl ished u s i n g n a t u r a l microbes a n d t r a d i t i o n a l 
a g r i c u l t u r a l m e t h o d s i n c l u d i n g t i l l i n g a n d f e r t i l i z i n g 

Work Plan FY07/FY08: 
Project c o m p l e t e d . 

Benefits to the State: 
T h i s project p r o v i d e d i n f o r m a t i o n concern ing res tora t ion of a g r i c u l t u r a l uses a n d other uses of soil 

systems (e.g., forestry , h o u s i n g , etc.), a n d sus ta inabi l i ty of so i l t h r o u g h a g r i c u l t u r a l practices for the 
t rea tment of organic wastes i n l a n d t rea tment systems. I n the State of U t a h m a n y r u r a l m u n i c i p a l i t i e s a n d 
i n d u s t r i e s use l a n d t rea tment f o r waste management , a n d other soils located at U.S. Forest Service sites, at 
H i l l A i r Force Base operable u n i t s , a long r a i l r o a d tracks, a n d at p e t r o l e u m - b a s e d chemical industr ies have 
been c o n t a m i n a t e d w i t h cancer-causing p o l y c y c l i c aromat ic h y d r o c a r b o n ( P A H ) c o m p o u n d s that can 
contaminate g r o u n d w a t e r sediments a n d g r o u n d w a t e r resources. 
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Uptake of Chlorinated Solvents, Fuels, and Related Compounds into 
Fruits and Vegetables 

Principal Investigators): 
William J. Doucette 
Mike Petersen 
Bruce Bugbee 
Erik Dettenmaier 

Project Description: 
C h l o r i n a t e d solvents , f u e l re lated c o m p o u n d s a n d explosives have c o n t a m i n a t e d s h a l l o w 

g r o u n d w a t e r at m a n y locat ions i n the State of U t a h i n c l u d i n g m a n y c o m m u n i t i e s s u r r o u n d i n g H i l l A i r 
Force Base ( H A F B ) . Prev ious research has d o c u m e n t e d the u p t a k e of organic c o m p o u n d s i n t o plants b u t 
l i t t l e e x p e r i m e n t a l i n f o r m a t i o n is avai lable r e g a r d i n g the p o t e n t i a l t ransfer o f these c o m p o u n d s i n t o f r u i t s 
a n d vegetables. The E n v i r o n m e n t a l Direc torate at H i l l A i r Force Base ( H i l l A F B ) , the D e p a r t m e n t of 
E n v i r o n m e n t a l Q u a l i t y , a n d c o m m u n i t y c i t izen g r o u p s are interested i n the p o t e n t i a l c o n t a m i n a t i o n of 
f r u i t s a n d vegetable g r o w i n g i n areas o f c o n t a m i n a t e d g r o u n d w a t e r . 

Accomplishments: 
I n i t i a l Pressure C h a m b e r Resul ts 

TSCF values w e r e ca lculated w h e n the chemical concentra t ion reached a steady state va lue . TSCF 
values w e r e t y p i c a l l y m e a s u r e d i n t r i p l i c a t e . 

Pressure chamber TSCFs verses l o g K o w re la t ionships w a s l inear u n l i k e those p r e v i o u s l y repor ted 
(Briggs et al . , 1982). 

N e u t r a l , p o l a r c o m p o u n d s , i.e., l o w l o g K o w , s h o w e d the highest TSCFs. 

I n i t i a l Hydroponic Resul ts 

TSCF values generated b y intact h y d r o p o n i c plants w e r e l o w e r t h a n those measured u s i n g the 
pressure chamber . 

T h e l o w e r values are t h o u g h t to represent losses w i t h i n the p l a n t shoots (i.e., v o l a t i l i z a t i o n , 
m e t a b o l i s m , a n d g r o w t h d i l u t i o n ) tha t are n o t accounted for u s i n g the pressure chamber technique. 

S h o o t / f r u i t concentrat ions t e n d e d to be greater for c o m p o u n d s h a v i n g l o w l o g K o w a n d l o w v o l a t i l i t y 
( P „ H ) . 

I n i t i a l Soi l C o l u m n Resul ts 

O u t of the six v o l a t i l e c o m p o u n d s (opera t iona l ly def ined u s i n g a headspace analyt i ca l m e t h o d ) 
i n i t i a l l y evaluated, o n l y the c o m p o u n d w i t h the l o w e s t H e n r y ' s L a w constant, 1,4-dioxane, was f o u n d i n 
a l l above g r o u n d tissues; re la t ionships a m o n g concentrations i n d i f f e r e n t p l a n t parts w e r e f o u n d to be: 
1,4-dioxane f r u i t B C F > s t e m BCF > leaf BCF. L o w e r v o l a t i l i z a t i o n losses m a y b e associated w i t h smaller 
area/ v o l u m e rat ios . 

Subsurface i r r i g a t i o n w i l l be used i n f u t u r e c o l u m n s t u d y to m i n i m i z e v o l a t i l i z a t i o n of c o m p o u n d s 
d u r i n g w a t e r i n g . 

4-30 



Hazardous and Toxic Waste Management 

BCF measurements for a series o f n o n - v o l a t i l e c o m p o u n d s are c u r r e n t l y b e i n g p e r f o r m e d . 

Conclus ions 

Pressure chamber m e t h o d s p r o v i d e a r e l a t i v e l y r a p i d , r e p r o d u c i b l e a p p r o a c h to evaluate r o o t - t o -
shoot t rans locat ion . H o w e v e r , p o t e n t i a l c o m p o u n d losses f r o m the a b o v e - g r o u n d tissues, such as 
v o l a t i l i z a t i o n , m e t a b o l i s m , or g r o w t h d i l u t i o n , are n o t accounted for . 

H y d r o p o n i c a n d so i l s tudies u s i n g intac t p lants can be used to p r o v i d e c o n t a m i n a n t u p t a k e and 
d i s t r i b u t i o n i n f o r m a t i o n . Exposure concentrat ions are easier to c o n t r o l a n d measure i n h y d r o p o n i c s b u t 
soi l s tudies a l l o w d i rec t m e a s u r e m e n t o f BCFs used i n r i s k assessment. 

C o n t r a r y to w i d e l y used p l a n t u p t a k e p r e d i c t i v e schemes, h i g h l y polar , n e u t r a l c o m p o u n d s s h o w the 
highest tendency f o r r o o t u p t a k e , t rans loca t ion a n d transfer i n t o f r u i t . 

Work Plan FY07/FY08: 
T h e u p t a k e of c h l o r i n a t e d solvents a n d f u e l re lated c o m p o u n d s a n d the subsequent transfer i n t o 

f r u i t s a n d vegetables w i l l be d e t e r m i n e d b y expos ing t r ip l i ca te t o m a t o a n d z u c c h i n i p lants to constant 
concentrat ions o f the representat ive c o m p o u n d s d u r i n g f r u i t p r o d u c t i o n . H y d r o p o n i c a n d soi l based 
exposure systems w i l l be used d e p e n d i n g o n the phys ica l chemical proper t ies of the contaminants . A 
pressure chamber sys tem w i l l also be u s e d to d e t e r m i n e t r a n s p i r a t i o n s t ream concentra t ion factors 
(TSCF) for i n p u t i n t o p l a n t u p t a k e m o d e l s . The p o t e n t i a l c o m p o u n d s to be s t u d i e d i n c l u d e : 
t r i c h l o r o e t h y l e n e (TCE), perch loroe thy lene (PERC), carbon te t rach lor ide (CC1 4), c i s -dichloroethylene 
(cis-DCE), t r i c h l o r o e t h a n o l (TCEt) , d ichloroacet ic acid ( D C A A ) , benzene, to luene , m-xylene , a n d m e t h y l 
t e r t - b u t y l ether ( M T B E ) . A l l c o m p o u n d s have been i d e n t i f i e d as g r o u n d w a t e r contaminants w i t h i n the 
State of U t a h . This s m a l l series o f c o m p o u n d s inc ludes v o l a t i l e a n d n o n - v o l a t i l e , p o l a r a n d non-polar , 
n e u t r a l a n d acidic c o m p o u n d s . T h e d i v e r s i t y of phys ica l/chemica l proper t ies w i t h i n this smal l g r o u p o f 
c o m p o u n d s s h o u l d p r o v i d e suf f i c ient v a r i a t i o n to evaluate a n d ref ine ex i s t ing p l a n t u p t a k e models that 
are based p r i m a r i l y o n the h y d r o p h o b i a t y of the c o m p o u n d . 

Benefits to the State: 
T h e results o f th is research w i l l d i r e c t l y benef i t the E n v i r o n m e n t a l M a n a g e m e n t at H i l l A i r Force Base 

( H A F B ) a n d the c i t i z e n a d v i s o r y g r o u p s tha t m o n i t o r the g r o u n d w a t e r p o l l u t i o n a r o u n d H A F B a n d other 
c o n t a m i n a t e d g r o u n d w a t e r sites. 

• 
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Alternative Decentralized Wastewater Treatment Systems for Utah 
Conditions 

Principal Investigators): 
Judith L. Sims 
Darwin L. Sorensen 
Jenny Hurst 

Project Description: 
Increasing d e v e l o p m e n t o f r u r a l areas i n U t a h is r e s u l t i n g i n d e m a n d s for m o r e o p t i o n s for t reatment 

a n d disposal o f wastewater , especially i n areas n o t sui table for the use o f the c o n v e n t i o n a l septic t a n k -
d r a i n f i e l d system. M a n y o f these a l ternat ive opt ions are m o r e c o m p l e x t r e a t m e n t a n d disposal systems 
tha t r e q u i r e increased expert ise i n site e v a l u a t i o n , design, ins ta l la t ion , m a n a g e m e n t , opera t ion , a n d 
maintenance. A l s o s m a l l c o m m u n i t i e s t h a t are fac ing g r o w t h pressures tha t i m p a c t w a t e r s u p p l y 
resources m a y be interested i n decentra l ized was tewater t rea tment technologies t h a t p r o v i d e for 
benef ic ia l reuse o f the w a s t e w a t e r . 

Accomplishments: 
Based o n the i n f o r m a t i o n collected, w e i d e n t i f i e d technologies (packed b e d systems: i n t e r m i t t e n t a n d 

r e c i r c u l a t i n g sand f i l ters , peat a n d text i le f i l ters , constructed w e t l a n d s , a n d subsurface wastewater d r i p 
i r r i g a t i o n ) tha t appeared to be the m o s t desirable o p t i o n s for use i n U t a h . W e p r e p a r e d guidance 
mater ia ls tha t s u m m a r i z e d the effectiveness, appropriateness , a n d o p e r a t i o n a n d maintenance 
requi rements o f these v a r i o u s decentra l ized technologies . These gu idance mater ia l s are b e i n g used i n o n -
site w o r k s h o p s tha t are presented i n s u p p o r t o f the U t a h m a n d a t o r y cer t i f i ca t ion p r o g r a m for on-site 
w a s t e w a t e r sys tem professionals . W e have also p r e p a r e d a presenta t ion o n o p e r a t i o n a n d maintenance 
( O & M ) of packed b e d m e d i a systems. 

Work Plan FY 07/FY 08: 
T o achieve the pro ject objective, i n i t i a l l y w e s u r v e y e d l i tera ture sources concern ing a l ternat ive 

decentra l ized systems. W e o b t a i n e d i n f o r m a t i o n o n v a r i o u s technologies f r o m the refereed l i terature , 
f r o m conference presentat ions, a n d f r o m e n v i r o n m e n t a l a n d h e a l t h state agencies, w i t h a focus o n those 
states w i t h c l imat ic a n d geologica l c o n d i t i o n s s i m i l a r to those i n U t a h . E q u i p m e n t v e n d o r s of 
w a s t e w a t e r technologies w e r e also s u r v e y e d . To d e t e r m i n e i f technologies w e r e a p p r o p r i a t e for use i n 
U t a h , w e d e f i n e d the c l imat ic a n d geological condi t ions tha t m i g h t affect the use o f v a r i o u s technologies 
i n U t a h . W e also d e v e l o p e d a s t a n d a r d i z e d f o r m a t / m a t r i x for e v a l u a t i o n of i n f o r m a t i o n . 

Benefits to the State: 
U t a h , as a resul t of a d m i n i s t r a t i v e r u l e changes tha t became effect ive i n M a y o f 2006, is b e g i n n i n g to 

u t i l i z e a w i d e r range o f on-si te technologies . The i n f o r m a t i o n d e v e l o p e d i n th i s pro ject w i l l be i n v a l u a b l e 
as a t o o l to ensure tha t a p p r o p r i a t e s i t i n g , design, construct ion , i n s t a l l a t i o n , a n d o p e r a t i n g a n d 
maintenance guide l ines for these n e w systems are i m p l e m e n t e d . By p r o v i d i n g t h o r o u g h a n d complete 
i n f o r m a t i o n o n the n e w technologies t h r o u g h the i n f o r m a t i o n d e v e l o p e d i n th is project , state a n d local 
dec is ion-makers w i l l be able to m a k e w i s e decisions i n the selection o f the a p p r o p r i a t e technologies for 
specif ic p r o b l e m sites. The use o f these m o r e c o m p l e x t rea tment systems w i l l a l l o w c o n t i n u e d 
d e v e l o p m e n t i n Utah ' s m o r e r u r a l areas. 

• 
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Chromium-6 Removal Treatment Technologies—Phase III Bridge 
Project 

Principal Investigators): 
Laurie McNeill 

Project Description: 
C h r o m i u m is a c o n t a m i n a n t o f increas ing interest i n d r i n k i n g w a t e r , especially after the success of 

the " E r i n B r o c k o v i c h " m o v i e . T h i s pro ject w i l l examine the demonstrat ion-scale p e r f o r m a n c e of var ious 
t rea tment technologies for r e m o v i n g c h r o m i u m present i n d r i n k i n g w a t e r . Results w i l l be u t i l i z e d to 
r e c o m m e n d full-scale t r e a t m e n t technologies tha t can be ins ta l led b y d r i n k i n g w a t e r t rea tment u t i l i t i es . 

Accomplishments: 
A p p r o x i m a t e l y 500 samples a n a l y z e d for T o t a l c h r o m i u m a n d C h r o m i u m - 6 . 

Work Plan FY07/FY08: 
On-s i te p i l o t studies c o u p l e d w i t h l a b o r a t o r y analysis. 

Benefits to the State: 
U t a h w i l l u l t i m a t e l y be affected b y a n y n e w d r i n k i n g w a t e r regula t ions i m p l e m e n t e d b y EPA. This 

research p r o v i d e s i n f o r m a t i o n o n the t rea tment opt ions for c h r o m i u m i n d r i n k i n g water . 
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Development of Sediment Management Protocols for Small Diversion 
Reservoirs in Utah 

Principal Investigators): 
Mac McKee 
Lizzette Oman 
Andres Ticlavilca 
Blake Tullis 
Ronald C. Sims 

Project Description: 
U n c o n t r o l l e d s e d i m e n t releases f r o m s m a l l reservoirs have been s h o w n to p r o d u c e deleter ious 

impacts o n d o w n s t r e a m f i s h p o p u l a t i o n s a n d the i r habitat . This is a s igni f i cant n o n - p o i n t source water 
q u a l i t y p r o b l e m i n U t a h a n d a r o u n d the west . The p u r p o s e of th is pro ject is to d e v e l o p and disseminate 
m a n a g e m e n t gu ide l ines for the f l u s h i n g of sediments f r o m s m a l l reservoirs to m i n i m i z e e n v i r o n m e n t a l 
impacts o n w a t e r q u a l i t y a n d aquatic resources, w i t h emphasis o n reservoirs located i n regions w i t h a r i d 
cl imates, such as U t a h . These guide l ines w i l l be based o n h y d r o l o g y a n d geo logy o f the watershed 
w i t h i n w h i c h the reservoir is located, a n d o n the h y d r a u l i c characteristics of the reservoir itself. The 
pro ject w i l l use Firs t D a m , a s m a l l d a m o w n e d b y U t a h State U n i v e r s i t y o n the L o g a n River at the m o u t h 
o f L o g a n C a n y o n , as a case s t u d y . 

Accomplishments: 
T h e project b e g a n i n late FY 2003. I t has d e v e l o p e d a n extensive l i t e r a t u r e r e v i e w of reservoir 

f l u s h i n g and s l u i c i n g approaches a n d avai lable models for e v a l u a t i n g s e d i m e n t m o b i l i z a t i o n needs and 
m e t h o d s i n reservoirs . A p l a n for c o n t r o l l e d f l u s h i n g of sediments f r o m First D a m has been deve loped, 
i n c l u d i n g m o n i t o r i n g procedures to ensure p r o t e c t i o n o f d o w n s t r e a m fisheries resources d u r i n g f l u s h i n g 
events. A s t ream g a u g i n g s ta t ion has been ins ta l led d o w n s t r e a m of First D a m so that rea l - t ime f l o w s can 
be measured d u r i n g f l u s h i n g events as w e l l as t h r o u g h o u t the rest of the year . I n a d d i t i o n , 
i n s t r u m e n t a t i o n for rea l - t ime m o n i t o r i n g of t u r b i d i t y u p s t r e a m a n d d o w n s t r e a m of First D a m has been 
i n s t a l l e d . A s a m p l i n g p r o g r a m has been i m p l e m e n t e d to collect data o n to ta l suspended sediment 
concentrat ions of w a t e r f l o w i n g i n t o a n d o u t of the reservoir at F irs t D a m . W o r k i n FY 2005 a n d FY 2006 
focused o n u s i n g the data avai lable f r o m the rea l - t ime m o n i t o r i n g a n d grab samples to estimate a 
s e d i m e n t b u d g e t for t h e reservoir . Th i s m o n i t o r i n g p r o g r a m d e m o n s t r a t e d a net a c c u m u l a t i o n of 
a p p r o x i m a t e l y one-hal f acre-foot of s e d i m e n t i n the reservoir d u r i n g the h i g h r u n o f f p e r i o d i n s p r i n g of 
2006. Results to date have been presented at the a n n u a l U t a h W a t e r Users Conference a n d other venues. 

Work Plan FY 07/FY 08: 
W o r k i n FY 2005 a n d FY 2006 focused o n the i m p l e m e n t a t i o n of a w a t e r q u a l i t y a n d s tream f l o w 

m o n i t o r i n g p r o g r a m , a n d i n r e f i n i n g the des ign of the reservoir f l u s h i n g p l a n to better accommodate the 
r e q u i r e m e n t s to i r r i g a t o r s a n d d o w n s t r e a m f i s h s p a w n i n g act ivit ies . The f l u s h i n g p l a n w i l l be tested i n 
2007 t h r o u g h c o n t r o l l e d releases of sed iment d u r i n g s p r i n g r u n o f f , a n d the effectiveness of these controls 
w i l l be evaluated f r o m m o n i t o r i n g data. The experience ga ined f r o m s e d i m e n t m a n a g e m e n t 
e x p e r i m e n t s o n First D a m w i l l be used to d e v e l o p guidel ines for m a n a g e m e n t of sed iment i n s m a l l 
d i v e r s i o n reservoirs i n U t a h . 
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Benefits to the State: 
The k n o w l e d g e ga ined f r o m e x p e r i m e n t a t i o n at First D a m w i l l be used to prepare general guidel ines 

a p p r o p r i a t e for s e d i m e n t m a n a g e m e n t o n the a p p r o x i m a t e l y 200 s m a l l reservoirs i n U t a h . These 
guidel ines w i l l address s u c h factors as: 

• I m p l i c a t i o n s of w a t e r s h e d geology for w a t e r chemis t ry a n d s e d i m e n t t o x i c i t y . 

• I m p l i c a t i o n s of w a t e r s h e d h y d r o l o g y for sediment l o a d i n g rates. 

• R e c o m m e n d a t i o n s for m o s t effective and/or least costly s e d i m e n t c o n t r o l methodologies , based 
u p o n reservoir size, g e o m o r p h o l o g y , a n d b a t h y m e t r y . 

• R e c o m m e n d a t i o n s for f l u s h i n g procedures , based o n active reservoir v o l u m e , c u r r e n t 
m o r p h o l o g i c characteristics o f sed iment deposits, i n f l o w rates a n d discharge capacities, h y d r a u l i c 
l i m i t a t i o n s o n c o n t r o l of o u t l e t w o r k s , p o t e n t i a l t o x i c i t y of b o t t o m sediments , a n d d o w n s t r e a m 
w a t e r q u a l i t y regula t ions t h a t m u s t be met . 

The general gu ide l ines w i l l be d isseminated i n electronic a n d h a r d copy f o r m to U t a h water resources 
agencies, r i v e r commiss ioners , w a t e r conservat ion distr icts , a n d d a m o w n e r s a n d operators . 

A 
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Identification of Potential Risks to Utah Drinking Water from 
Chlorinated Solvents and the Potential for their Remediation 

Principal Investigators): 
R. Ryan Dupont 
Shounak Krishnanand 

Project Description: 
Object ives 

\. Create a u s e r - f r i e n d l y , spat ia l ly-based, GIS t o o l u s i n g the M a p W i n d o w a p p l i c a t i o n , deve loped at 
the E n v i r o n m e n t a l M a n a g e m e n t Research Center at U t a h State U n i v e r s i t y , to integrate the 
s p a t i a l l y - d i s t r i b u t e d so lvent source i n f o r m a t i o n w i t h susceptible g r o u n d w a t e r w e l l receptor data 
for i m p a c t e d c o m m u n i t i e s t h r o u g h o u t the state. 

2. D e v e l o p a fate a n d t r a n s p o r t m o d e l p l u g - i n for this GIS t o o l tha t w i l l incorpora te local aqui fer 
p h y s i c a l a n d geochemical proper t ies i n t o pred ic t ions of c h l o r i n a t e d so lvent reac t ion and 
t ranspor t , a n d subsequent p o t e n t i a l r i sk to g r o u n d w a t e r ex t rac t ion w e l l s . 

3. V a l i d a t e the GIS tool/fate a n d t r a n s p o r t p l u g - i n u s i n g data f r o m three test sites w h e r e solvent 
c o n t a m i n a t i o n has resul ted i n closure of d r i n k i n g w a t e r w e l l s , a n d d e v e l o p a site e v a l u a t i o n 
p r o t o c o l tha t can be i m p l e m e n t e d b y the D E Q / D E R R i n the i r o n - g o i n g m a n a g e m e n t of these 
c o n t a m i n a t e d sites. 

Accomplishments: 
D e v e l o p m e n t of the M a p W i n d o w u t i l i t y for site g r o u n d w a t e r management , data representat ion a n d 

t ranspor t/fa te a n d r i s k m o d e l i n g has been c o m p l e t e d . The f o l l o w i n g data layers are i n c l u d e d i n the 
g r o u n d w a t e r m a n a g e m e n t t o o l : m u n i c i p a l p l a t maps for m u n i c i p a l i t i e s f o r w h i c h ex is t ing ch lor inated 
s o l v e n t - i m p a c t e d sites are k n o w n ; ex i s t ing users of c h l o r i n a t e d solvents ; h i s tor ica l users of chlor inated 
solvents ; m u n i c i p a l w e l l locat ions ; p r i v a t e w e l l locations; m o n i t o r i n g w e l l locat ions ; a n d soi l b o r i n g 
locat ions . The spat ia l ly d i s t r i b u t e d data have associated w i t h t h e m re levant a t t r i b u t e i n f o r m a t i o n such 
as name, address, date o f o p e r a t i o n , chemicals used, k n o w n releases, etc., fo r the c h l o r i n a t e d solvent 
users, or t e m p o r a l d e p t h to w a t e r a n d w a t e r chemis t ry data for m o n i t o r i n g w e l l s . 

T h e Fate a n d T r a n s p o r t c o m p o n e n t f r o m M i c r o F E M has been successfully i n c o r p o r a t e d i n t o the 
M a p W i d o w t o o l , p r o v i d i n g 3 -D m o d e l i n g of g r o u n d w a t e r f l o w , i d e n t i f i c a t i o n o f g r o u n d w a t e r p r o t e c t i o n 
zones, estimates o f g r o u n d w a t e r m o v e m e n t to extrac t ion w e l l s , a n d c o n t a m i n a n t f l o w p a t h estimates. 
Several g r o u n d w a t e r m o d e l i n g capabi l i t ies have been i n c l u d e d for i m p l e m e n t a t i o n w i t h i n this 
g r o u n d w a t e r r i sk analysis a n d m a n a g e m e n t t o o l . These i n c l u d e : 1) g r o u n d w a t e r table gradient , 
g r o u n d w a t e r d i r e c t i o n , and est imated p o r e w a t e r v e l o c i t y d e t e r m i n a t i o n s based o n measured 
m o n i t o r i n g w e l l e levat ions a n d associated aquifer soi l proper t ies ; a n d 2) c o n t a m i n a n t t r a v e l t i m e 
estimates u s i n g M i c r o F E M w i t h o p t i o n s for n o degradat ion , a n d f i e l d est imated d e g r a d a t i o n rates for 
s t a r t i n g c o m p o u n d s a n d d e g r a d a t i o n p r o d u c t s , u s i n g associated soi l proper t ies a n d w a t e r chemis t ry data 
t o a id i n e s t i m a t i n g s o r p t i o n a n d t ranspor t . A n "area of s u s c e p t i b i l i t y " o v e r l a y g r a p h i c a l l y represent ing 
t h e expected d o w n g r a d i e n t area t h a t is susceptible t o c o n t a m i n a t i o n f r o m release sites based o n expected 
flow t i m e , impacts f r o m d e g r a d a t i o n , v a r i a b i l i t y expected i n g r o u n d w a t e r g r a d i e n t a n d d i rec t ion , etc., 
w i l l b e i n c l u d e d i n the f i n a l g r o u n d w a t e r m o d e l i n g / r i s k analysis package. 
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Work Plan FY07/FY08: 
The M a p W i n d o w d e v e l o p m e n t e n v i r o n m e n t is b e i n g used to d e p l o y a basic GIS data v i e w e r w i t h 

associated p r e - b u i l t p l u g - i n s for shape f i le e d i t i n g , i m p o r t i n g a n d c o n v e r t i n g g r i d data, v i e w i n g and 
e d i t i n g shapefi le a t t r i b u t e table data, c a r r y i n g o u t comprehens ive e n v i r o n m e n t a l s u m m a r y and 
t e m p o r a l data analysis a n d p l o t t i n g , a n d for i d e n t i f y i n g features a n d a d d i n g labels. 

The next step i n the pro jec t is the i n t e g r a t i o n of a Fate and T r a n s p o r t c o m p o n e n t i n t o the 
M a p W i d o w database s t r u c t u r e . T h e o r i g i n a l p l a n for the i n t e g r a t i o n of a n E P A g r o u n d w a t e r capture 
zone m o d e l , W h A E M , w a s a b a n d o n e d d u e to the l i m i t a t i o n of the W h A E M m o d e l i n descr ib ing the fate 
a n d t ranspor t o f c o n t a m i n a n t s w i t h i n a g r o u n d w a t e r p l u m e . Fate a n d t r a n s p o r t m o d e l i n g is be ing 
f ina l ized v i a M i c r o F E M t h a t p r o v i d e s 3 - d i m e n s i o n a l m o d e l i n g of g r o u n d w a t e r m o v e m e n t , and the 
capabi l i ty to m o d e l c o n t a m i n a n t r e t a r d a t i o n v i a s o r p t i o n to aquifer organic m a t e r i a l . 

V a l i d a t i o n of the g r o u n d w a t e r m a n a g e m e n t t o o l a n d associated p l u g - i n tools d e v e l o p e d i n this 
project is c u r r e n t l y u n d e r w a y u s i n g f i e l d site data avai lable f r o m a c o n t a m i n a t e d site labeled the 
Sugarhouse W e l l site t h a t have resul ted i n w a t e r s u p p l y w e l l a b a n d o n m e n t . Estimates of "area of 
s u s c e p t i b i l i t y " generated f r o m the t o o l have been cal ibrated to the Source W a t e r Protec t ion zone 
o r i g i n a l l y p u b l i s h e d for the site, a n d a t i m e series of c o n t a m i n a n t m i g r a t i o n to the i m p a c t e d w e l l is be ing 
generated for a series o f release scenarios for c o m p a r i s o n w i t h recorded w e l l c o n t a m i n a n t concentrat ion 
results as a w a y of v a l i d a t i n g , i n a s e m i - q u a n t i t a t i v e sense, this screening-level r i s k m a n a g e m e n t t o o l . 

The f i n a l p r o d u c t o f th is e f f o r t w i l l be the p r e p a r a t i o n of a Protocol D o c u m e n t for the use of the 
deve loped t o o l for the e v a l u a t i o n o f the p o t e n t i a l r isk , r e m e d i a t i o n o p t i o n s , a n d p r i o r i t i z a t i o n of 
ch lor inated-so lvent i m p a c t e d sites. Th is d o c u m e n t w i l l i n c l u d e a n operator ' s g u i d e f o r u s i n g the too l , a 
r e c o m m e n d e d p r o c e d u r e for da ta c o m p i l a t i o n a n d i n p u t to the GIS database, a r e c o m m e n d e d procedure 
to f o l l o w for the analysis o f avai lable site data i n d e v e l o p i n g t r a n s p o r t a n d fate results a n d "area of 
s u s c e p t i b i l i t y " regions, g u i d a n c e o n site p r i o r i t i z a t i o n based o n the t r a n s p o r t a n d fate results, and 
guide l ines for w h e n a n d h o w to collect a n d analyze a d d i t i o n a l site data to i m p r o v e this suscept ib i l i ty 
analysis. 

Benefits to the State: 
A GIS based c o m p u t e r data m a n a g e m e n t a n d m o d e l i n g sys tem has been c o m p l e t e d to h e l p the U t a h 

D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y p r i o r i t i z e actions needed at sites to p r o t e c t g r o u n d w a t e r suppl ies 
f r o m c o n t a m i n a t i o n b y c h l o r i n a t e d solvents . This project w i l l have a d i rec t a n d p o s i t i v e i m p a c t o n citizens 
t h r o u g h o u t the state as c h l o r i n a t e d so lvent i m p a c t e d g r o u n d w a t e r sites have been i d e n t i f i e d t h r o u g h o u t 
the Salt Lake V a l l e y as w e l l as i n B o u n t i f u l , Del ta , Logan, O g d e n , Price, Tooele, T r e m o n t o n , V e r n a l , and 
W o o d s Cross. A l l cit izens w i l l benef i t f r o m a n i m p r o v e d u n d e r s t a n d i n g b y the U t a h D E Q o f potent ia l 
g r o u n d w a t e r resource c o n t a m i n a t i o n represented b y c u r r e n t a n d h is tor ic c h l o r i n a t e d so lvent users, b y 
their m o r e eff ic ient e x p e n d i t u r e o f p u b l i c dol lars based o n r i s k m a n a g e m e n t p r i o r i t i z a t i o n tha t w i l l be 
m a d e possible b y this t o o l , a n d b y the p r e s e r v a t i o n of g r o u n d w a t e r resources i n the state t h r o u g h 
p r o a c t i v e c o n t r o l of h i g h r i s k sites. 
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Investigation of the Changes in Water Quality in the Little Bear River 
Watershed in Response to the Implementation of Best Management 
Practices 

Principal Investigators): 
DavidK. Stevens 
Jeffery S. Horsburgh 
Darwin L. Sorensen 
Nancy Mesner 
Douglas Jackson-Smith 
Ron Ryel 
Joon Hee Lee 

Project Description: 
The Clean W a t e r A c t ( C W A ) o f 1972 a n d its subsequent a m e n d m e n t s have resul ted i n s igni f icant 

i m p r o v e m e n t s i n the q u a l i t y of the nat ion's waters (USEPA a n d U S D A , 1998). Waters have been restored 
to ecological h e a l t h across the n a t i o n , p r i m a r i l y t h r o u g h the t a r g e t i n g a n d t rea tment of i n d u s t r i a l and 
m u n i c i p a l p o i n t sources. The C W A requires that p o i n t sources be p e r m i t t e d t h r o u g h the r e g u l a t o r y 
N P D E S system, w h i c h establishes a l l o w a b l e discharges a n d requires e n d - o f - p i p e m o n i t o r i n g a n d 
r e p o r t i n g . 

E v e n w i t h these ma jor advances, h o w e v e r , i t is est imated tha t 40% o f the assessed waters of the U.S. 
s t i l l f a i l to meet t h e i r des ignated benef ic ia l uses (USEPA a n d U S D A , 1998). The p r i n c i p a l c u l p r i t i n these 
waters is n o n p o i n t source (NPS) p o l l u t i o n . These v a r i o u s p o l l u t a n t s are generated b y a w i d e range of 
l a n d uses a n d act ivi t ies , sources are d i s t r i b u t e d across the landscape, a n d t r a n s p o r t to streams a n d lakes 
occurs p r i m a r i l y b y surface a n d subsurface r u n o f f a n d r e t u r n f l o w s . A g r i c u l t u r a l act ivi t ies are the most 
s igni f i cant source o f N P S p o l l u t i o n i n the U n i t e d states, a n d are considered a c o n t r i b u t i n g factor for 70% 
o f i m p a i r e d streams a n d r i v e r s a n d a lmost 50% of the i m p a i r e d lakes a n d reservoirs i n the n a t i o n 
(USEPA a n d U S D A , 1998). 

T h e C W A does n o t p r o v i d e for r e g u l a t o r y contro l of NPS p o l l u t i o n . Rather, incent ive p r o g r a m s that 
p r o v i d e cost share have been c o u p l e d w i t h educat ional efforts to p r o m o t e v o l u n t a r y i m p l e m e n t a t i o n of 
best m a n a g e m e n t practices (BMPs) . B M P s are l a n d use practices des igned to reduce the generat ion of 
p o l l u t a n t s a n d r u n o f f , t r a p sediments , or o therwise m i t i g a t e the w a t e r q u a l i t y impacts o f h u m a n 
act ivi t ies . O v e r the last 2 decades, U S D A a n d E P A have invested b i l l i o n s o f do l lars for cost share for 
a g r i c u l t u r a l p r o d u c e r s t h r o u g h the E n v i r o n m e n t a l Q u a l i t y Incent ive P r o g r a m (EQIP) , Conserva t ion 
Reserve P r o g r a m (CRP), W e t l a n d H a b i t a t Incent ive P r o g r a m ( W H I P ) , 319 N o n p o i n t Source P o l l u t i o n 
grants and other p r o g r a m s tha t p r o m o t e the i m p l e m e n t a t i o n o f B M P s . Increas ingly , the management u n i t 
f o r w a t e r q u a l i t y i m p r o v e m e n t is the w a t e r s h e d , a n d w a t e r s h e d plans , such as T o t a l M a x i m u m D a i l y 
L o a d I m p l e m e n t a t i o n ( T M D L ) p lans a n d C o o r d i n a t e d Resource M a n a g e m e n t Plans (CRMPs) , have been 
used to h e l p i d e n t i f y those areas i n greatest need of r e m e d i a t i o n a n d to p r i o r i t i z e the d i s t r i b u t i o n of 
f u n d s . Because B M P i m p l e m e n t a t i o n is s t r ic t ly o n a v o l u n t a r y basis, h o w e v e r , the largest generators of 
NPS p o l l u t i o n m a y n o t choose to change the i r practices. I n a d d i t i o n , cost share f u n d s have n o t a lways 
been d i s t r i b u t e d according to the greatest p o t e n t i a l i m p r o v e m e n t t o w a t e r q u a l i t y , b u t ra ther i n response 
t o other dr ivers , such as the p o l i t i c a l need to d i s t r i b u t e f u n d s equal ly across counties w i t h i n a state. 

A n extensive l i t e r a t u r e exists o n the effectiveness of B M P s (USEPA, 1993; U S D A , 1995; L a n t et al . , 
1995; R o b i n s o n et al . , 1996; M c G e e et a l , 1997; U S D A , 2001) a n d at a f i e l d scale, w h e n ins ta l led a n d 
m a i n t a i n e d according to d e s i g n cr i ter ia , the i m p l e m e n t a t i o n s c learly have the des ired effect. H o w e v e r , 
s tudies that demonstra te the effectiveness of B M P s u n d e r r e a l - w o r l d c o n d i t i o n s at a w a t e r s h e d scale are 
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rare (DeBano a n d S c h m i d t , 1989; E d w a r d s et al . , 1996; Car l ine a n d Spotts, 1998; W a n g et al . , 2002). O f 
the f e w p u b l i s h e d studies o n the i m p a c t of BMPs at a w a t e r s h e d leve l , w a t e r s h e d effects have been 
i d e n t i f i e d i n o n l y a f e w ( W a n g et a l , 2002) a n d m o r e t y p i c a l l y studies have been unable to measure a 
stat ist ical ly s ign i f i cant response i n w a t e r q u a l i t y (Rinne, J. 1999; Fields, 2004). 

The u n a n s w e r e d quest ions s u r r o u n d i n g the w a t e r q u a l i t y i m p a c t of B M P i m p l e m e n t a t i o n at the 
watershed scale i n c l u d e : W e r e a p p r o p r i a t e types, d i s t r i b u t i o n a n d n u m b e r s of B M P s i m p l e m e n t e d i n a 
watershed? W e r e the B M P s p r o p e r l y ins ta l l ed a n d m a i n t a i n e d over t ime? Is there a t h r e s h o l d level of 
i m p l e m e n t a t i o n tha t m u s t be m e t before a w a t e r s h e d scale response is seen, a n d are there lag t imes 
b e t w e e n i m p l e m e n t a t i o n a n d response of a system? H o w does the spat ia l p o s i t i o n of B M P 
i m p l e m e n t a t i o n w i t h i n the w a t e r s h e d inf luence impacts o n w a t e r q u a l i t y ? A r e m o n i t o r i n g efforts w i t h i n 
a watershed , as they are c u r r e n t l y des igned, capable of i d e n t i f y i n g a response? M u c h of the social science 
research o n a g r i c u l t u r a l conserva t ion b e h a v i o r has focused o n the characteristics of adopters (and 
nonadopters ) , a n d the social a n d i n s t i t u t i o n a l n e t w o r k s t h o u g h t to faci l i tate the a d o p t i o n of 
r e c o m m e n d e d practices (Fugl ie a n d Kascak, 2001; G u e r i n , 1999; K o r s c h i n g a n d H o b a n , 1990; Love joy and 
N a p i e r , 1986; Rogers, 1995). T h i s research has general ly revealed tha t y o u n g e r a n d better educated f a r m 
operators , persons w i t h o f f - f a r m e m p l o y m e n t , a n d larger operat ions w i t h greater labor a n d capital 
resources are the m o s t l i k e l y to i m p l e m e n t v o l u n t a r y a g r i c u l t u r a l B M P s (Poe et a l . 2001; N a p i e r , Tucker 
a n d McCar ter , 2000; H o o k s , N a p i e r , a n d Carter, 1983). H o w e v e r , m o s t a d o p t i o n / d i f f u s i o n studies 
u s u a l l y e x p l a i n o n l y a s m a l l percentage of the variance i n a d o p t i o n of e n v i r o n m e n t a l practices u s i n g 
socioeconomic a n d soc ia l -psychologica l variables (Fuglie a n d Kascak, 2001; N a p i e r , 2000). By the same 
t o k e n , the lack of w i d e s p r e a d a d o p t i o n of m a n y e n v i r o n m e n t a l best m a n a g e m e n t practices (BMPs) has 
been l i n k e d to the fact t h a t they m a y be i n a p p r o p r i a t e for m a n y a g r i c u l t u r a l operat ions (Shepard, 2000; 
N o w a k , 1993; Jackson-Smith a n d B a r h a m , 2000). This has l e d to suggestions tha t r e n e w e d emphasis be 
placed o n d e v e l o p i n g a m o r e diverse p o r t f o l i o of technological a n d m a n a g e m e n t so lut ions to 
e n v i r o n m e n t a l p r o b l e m s tha t w i l l be suitable for diverse types of a g r i c u l t u r a l p r o d u c e r s . 

Accomplishments: 
I n FY 06, the pro ject t e a m has c o m p l e t e d its i n v e n t o r y of farms a n d f a r m f ie lds adjacent to the L i t t l e 

Bear River and the e n t r y of those data i n t o a comprehensive B M P database, s u r v e y e d o p i n i o n s of farmers 
a b o u t the i m p l e m e n t a t i o n a n d benefits of best management , c o m p l e t e d h i s tor i ca l data analysis, ins ta l led 
a n d b e g a n col lect ing data f r o m d i s t r i b u t e d w a t e r q u a l i t y sensor n e t w o r k s a l o n g the L i t t l e Bear River 
m a i n s t r e a m , a n d p r e p a r e d a n a n n u a l CRIS r e p o r t o n project progress, a m o n g other , lesser, 
accompl i shments . 

Work Plan FY07/FY08: 
C o m p l e t i o n of w a t e r q u a l i t y m o d e l s a n d s t u d y of efficacy of n o n p o i n t source p o l l u t i o n m a n a g e m e n t 

p r o g r a m s . Presentations a n d the W a t e r E n v i r o n m e n t a l Assoc ia t ion of U t a h , S p r i n g Conference, St. 
George, U T , a n d U S D A conference i n Savannah, G A . 

Benefits to the State: 
This s t u d y is des igned to evaluate w h e t h e r a d o p t i o n of several a g r i c u l t u r a l B M P s i n a N o r t h e r n U t a h 

w a t e r s h e d have h a d a measurable i m p a c t o n p h o s p h o r u s loadings i n t o the L i t t l e Bear River . The use of 
f i n e - g r a i n e d data f r o m t h r o u g h o u t th is watershed w i l l enable us to i d e n t i f y specific impacts of var ious 
B M P s across t i m e a n d space. W h i l e the p r o p o s e d research is des igned p r i m a r i l y to assess the impacts of 
B M P s o n w a t e r q u a l i t y , w e also seek to g a i n ins ights i n t o the va lue of a l ternat ive w a t e r q u a l i t y m o n i t o r i n g 
techniques . The results of o u r w o r k w i l l h e l p f u t u r e a g r i c u l t u r a l conserva t ion p r o g r a m s focus o n the m o s t 
ef fect ive practices, a n d can be used to d e v e l o p n e w protocols to increase the eff ic iency of water q u a l i t y 
m o n i t o r i n g efforts . 
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This project is b e i n g carr ied o u t i n c o n j u n c t i o n w i t h the State o f U t a h a n d the Colleges of N a t u r a l 
Resources a n d H u m a n i t i e s , A r t s , a n d Social Sciences. The results o f th is w o r k are reports , presentations, 
a n d so f tware tha t w i l l assess the effectiveness o f best m a n a g e m e n t practices i n p h o s p h o r u s r e d u c t i o n i n 
the L i t t e r Bear R i v e r w a t e r . 

• 
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"Lab-on-a-Chip" - Miniaturized Salinity Sensor Arrays for Water 
Quality Monitoring (Phase II) 

Principal Investigators): 
Anhong Zhou 
Dr. Huifang Dou 
Robert Gardner 
Yan Shi 
Nikita Zaveri 
Rongtao Sun 

Project Description: 
The c u r r e n t techniques for m e a s u r i n g the concentra t ion o f i n d i v i d u a l salt ions i n w a t e r (especially 

CI", N a + , S0 4
2", M g 2 + , C a 2 + , a n d H C 0 3 " ) i n c l u d e either c o n d u c t i v i t y de tec t ion or ion-exchange 

c h r o m a t o g r a p h y ( IEC) . The ma jor disadvantages o f these m e t h o d s are: 1) they cannot d i s t i n g u i s h the 
i n d i v i d u a l ions c o n c e n t r a t i o n ( c o n d u c t i v i t y ) ; 2) measurement requires expensive i n s t r u m e n t a t i o n a n d 
t i m e (IEC); 3) the detec t ion l i m i t is l o w (either c o n d u c t i v i t y or IEC) . D e v e l o p m e n t o f a cost-effective 
por tab le device tha t can q u a n t i t a t i v e l y a n d selectively measure these ions w i l l great ly assist the 
assessment of effect of s a l i n i t y i n w a t e r q u a l i t y . 

T h e objective o f t h i s pro ject is to d e s i g n a n d fabricate a p r o t o t y p e de tec t ion device i n the f o r m of a 
m i n i a t u r i z e d e lectrochemical (EC) c h i p w i t h the i n t e g r a t i o n of m i c r o f a b r i c a t e d ion-select ive 
microe lec t rode arrays ( u I S M E A s ) , t e r m e d as " E C - u I S M E A s " . The s i m u l t a n e o u s measurement of m u l t i p l e 
s a l i n i t y ions c o u l d be rea l ized b y this " l a b - o n - a - c h i p " device . 

Accomplishments: 
A p r o t o t y p e m i n i a t u r i z e d E C c h i p w a s des igned a n d fabricated a n d i n i t i a l l y evaluated, a n d sensitive 

microe lec t rode array w a s fabr icated a n d tested i n s t a n d a r d heavy m e t a l i o n so lut ions . Satisfactory results 
w e r e obta ined . 

Work Plan FY 07/FY 08: 
I n Phase I o f the pro ject (FY '05), w e des igned a n d fabricated a p r o t o t y p e EC c i r c u i t b o a r d a n d 

microe lec t rode arrays . The i n i t i a l p e r f o r m a n c e tests have been c o m p a r e d w i t h expensive, c o m m e r c i a l l y 
avai lable EC i n s t r u m e n t a t i o n , a n d satisfactory results w e r e obta ined . The special a ims i n this phase of 
t h e pro ject w i l l i n c l u d e : 1) o p t i m i z a t i o n of d e s i g n a n d e v a l u a t i o n o f a p r i n t e d c i r c u i t b o a r d ; 2) 
o p t i m i z a t i o n of the f a b r i c a t i o n of M E A s ; 3) m i c r o f a b r i c a t i o n a n d i n t e g r a t i o n of uISEAs o n the E C c h i p ; 4) 
synthesis of i o n selective p o l y m e r m e m b r a n e (e.g., b i s - p y r y l i u m der ivat ives ) w h i c h c o u l d be specific to 
t h e i n d i v i d u a l s a l i n i t y ions, i n o u r c u r r e n t stage, w e w i l l target SO/" as o u r m o d e l s a l i n i t y i o n ; a n d 5) 
i n t e g r a t i o n of EC PCB w i t h selective m e m b r a n e coated M E A a n d i n i t i a l p e r f o r m a n c e e v a l u a t i o n . 
Per formance factors s u c h as sens i t iv i ty , select ivi ty , l inear range, detec t ion l i m i t , l i f e t i m e and so o n w i l l 
b e evaluated for SO/" at the concentra t ion range of 340 ~ 2850 m g / L , w h i c h is t y p i c a l range of S0 4

2 " i o n 
i n w a t e r samples f r o m San Rafael R iver Basin i n E m e r y C o u n t y . O t h e r s a l i n i t y ions that have been 
i d e n t i f i e d b y U W R L as the h i g h p r i o r i t y ions that need q u a n t i f i c a t i o n w o u l d be n o t d i f f i c u l t to detect b y 
synthesis of d i f f e r e n t p o l y m e r i c s tructures o n the M E A surface. 
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Benefits to the State: 
Seven w e s t e r n states i n the U n i t e d States ( A r i z o n a , N e w M e x i c o , C a l i f o r n i a , U t a h , C o l o r a d o , 

W y o m i n g , a n d N e v a d a ) f o r m e d C o l o r a d o River Basin Sal ini ty C o n t r o l F o r u m to manage the sa l in i ty 
p r o b l e m of the C o l o r a d o River . Each g o v e r n o r of these states has to p r o v i d e s u p p o r t to i m p r o v e sa l in i ty 
c o n t r o l t rea tment of the r i v e r , b u t there is substant ia l uncer ta in ty a b o u t the efficacy of sa l in i ty 
m a n a g e m e n t i n the b a s i n d u e to the lack of a c o m m e r c i a l l y avai lable d e t e c t i o n device to adequately 
measure s a l i n i t y levels i n the r i v e r . Th i s project is to deve lop a p o r t a b l e biosensor device for rea l - t ime 
measurement of the concentrat ions of i n d i v i d u a l salt ions i n the f i e l d . 

• 
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Approach #1 

Research Objective -
EC chip for salinity L 

1 ^ Approach # 2 

Microfab. Sensor 
Arrays 1 fa§L^ 

Circuit designs (Square 
Wave Voltammetry) 

Figure 1 . A f l o w chart fo r the project progress . 
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Potential Impacts of Septic Systems on Ground Water in Castle 
Valley, Utah 

Principal Investigators): 
Judith L. Sims 
Joan E. McLean 
Darwin L. Sorensen 
Amanda Davis 

Project Description: 
This project addresses the p r o t e c t i o n of the g r o u n d w a t e r q u a l i t y i n Castle V a l l e y , U t a h t h r o u g h the 

e v a l u a t i o n o f p o t e n t i a l i m p a c t f r o m a n d m a n a g e m e n t of on-site w a s t e w a t e r t rea tment systems i n the 
V a l l e y . Castle V a l l e y is located i n southeastern U t a h a p p r o x i m a t e l y 17 m i l e s east of M o a b i n G r a n d 
C o u n t y , U t a h . The T o w n of Castle V a l l e y has 440 5-acre plots , each w i t h the i r o w n w e l l a n d septic 
system. C u r r e n t l y , the T o w n has a p p r o x i m a t e l y 270 a p p r o v e d w a t e r w e l l s a n d 235 septic systems. M o s t 
o f these w e l l s a n d septic systems are s i tuated o n the u n c o n s o l i d a t e d deposi ts o f the v a l l e y - f i l l , sole-source 
aqui fer . The State of U t a h G o v e r n o r ' s Off ice of P l a n n i n g a n d B u d g e t estimates there w i l l be a lmost 800 
inhabi tants i n the T o w n b y the year 2020, as Castle V a l l e y is b e c o m i n g increas ing ly p o p u l a r as a site for 
v a c a t i o n a n d r e t i r e m e n t homes . The increase i n d e v e l o p m e n t a n d i ts p o t e n t i a l i m p a c t o n the q u a l i t y of 
g r o u n d w a t e r resources is a cause of concern to the t o w n . A l l of the studies to date have stated that the 
single greatest p o t e n t i a l source of c o n t a m i n a t i o n to the aqui fer is septic systems. 

Accomplishments: 
D u r i n g FY 2006 w e d e v e l o p e d the Project I m p l e m e n t a t i o n P l a n (PIP) a n d the Q u a l i t y Assurance 

Project P l a n ( Q A P P ) , w h i c h w i l l be used to g u i d e the per formance o f the project . 

A practice site w a s set u p i n S m i t h f i e l d , U t a h , to test o u r s a m p l i n g techniques a n d analyt ica l 
procedures i n a n o p e r a t i n g d r a i n f i e l d . 

I n A u g u s t of 2005 w e v i s i t e d Castle V a l l e y a n d p r e l i m i n a r i l y selected 8 sites for i n s t a l l a t i o n of the 
lys imeters . W e obta ined septic sys tem p e r m i t i n f o r m a t i o n o n the sites f r o m the Southeastern U t a h H e a l t h 
D e p a r t m e n t a n d w e l l logs f r o m the U t a h D i v i s i o n of W a t e r Rights . 

W e c o n d u c t e d a p r e l i m i n a r y septic system e d u c a t i o n p r o g r a m at a t o w n c o u n c i l w o r k s h o p o n A p r i l 
19,2006, at w h i c h t i m e w e b e g a n to assess educat ional needs. W e are also d e v e l o p i n g a septic system 
quest ionnaire for the t o w n cit izens tha t w i l l g u i d e t h e m i n the i r use o f t h e i r septic systems. The f i n a l 
educa t iona l p r o g r a m w i l l be presented at a t o w n counc i l w o r k s h o p after the d r a i n field s t u d y has been 
c o m p l e t e d . 

Work Plan FY07/FY08: 
T o achieve the project goal , w e w i l l invest igate the v o l u m e a n d c h e m i s t r y of leachate generated b y a 

subset of septic systems i n the T o w n o f Castle V a l l e y . I n s t r u m e n t s (called lys imeters ) capable o f 
o b t a i n i n g samples of the descending leachate p l u m e s b e l o w d r a i n f ields w i l l be placed beneath n e w a n d 
e x i s t i n g systems. Once the i n s t r u m e n t s are i n place, they w i l l be s a m p l e d for a p e r i o d of one year or 
m o r e . I n th is project w e w i l l focus o n the analysis of n i t r o g e n i n the u n s a t u r a t e d zone, b u t w i l l also 
selectively sample for p h o s p h o r u s a n d pathogens i n soi l core samples. 
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W e are r e c r u i t i n g v o l u n t e e r residents to par t i c ipate i n the s t u d y , d e p e n d i n g o n the i r geographic 
l o c a t i o n i n the va l l ey , as w e l l as the h o u s e h o l d occupancy (seasonal, p e r m a n e n t , large f a m i l y , etc.) Once 
the s a m p l i n g i n s t r u m e n t s are i n place, they w i l l be s a m p l e d for a p e r i o d o f 18 m o n t h s . 

The i n f o r m a t i o n col lected f r o m the d r a i n f i e l d s t u d y w i l l be presented i n a clear, sc ient i f ical ly 
defensible, a n d concise f o r m a t tha t is unders tandable n o t o n l y to the scientif ic c o m m u n i t y , b u t also to 
the lay p u b l i c , so that the residents of Castle V a l l e y can u n d e r s t a n d the results a n d m a k e i n f o r m e d 
decisions t h r o u g h c o m m u n i t y p l a n n i n g processes o n possible m a n a g e m e n t opt ions for the septic 
systems i n the V a l l e y . T h e pro ject w i l l also i n c l u d e t r a i n i n g i n local geology, local w a t e r q u a l i t y issues, 
a n d septic tanks a n d d r a i n f ie lds ( h o w they w o r k a n d w h y they need to be m a i n t a i n e d ) for the citizens of 
Castle V a l l e y . W e propose to research exis t ing educat ional mater ia ls a n d s e l e c t / m o d i f y the mater ia l 
m o s t a p p r o p r i a t e for Castle V a l l e y a n d other r u r a l c o m m u n i t i e s i n the desert West . W e w i l l also 
invest igate v a r i o u s means ( w o r k s h o p s , f lyers , brochures , etc.) o f p r o v i d i n g i n f o r m a t i o n i n a n effective 
m a n n e r to the residents o f Castle V a l l e y a n d select those that meet the needs o f the c o m m u n i t y . 

Benefits to the State: 
M a n a g e m e n t of on-si te w a s t e w a t e r disposal systems was i d e n t i f i e d as one o f the n i n e p r i o r i t y n o n -

p o i n t source p o l l u t i o n p r o g r a m s i n the 2000 U t a h N o n p o i n t Source P o l l u t i o n M a n a g e m e n t Plan. This 
project addresses the p r o t e c t i o n of g r o u n d w a t e r q u a l i t y i n Castle V a l l e y , U t a h t h r o u g h the e v a l u a t i o n o f 
p o t e n t i a l i m p a c t f r o m a n d m a n a g e m e n t o f on-site wastewater t r e a t m e n t systems i n the V a l l e y . Results o f 
this s t u d y w i l l be used i n the d e v e l o p m e n t o f a c o m m u n i t y outreach a n d c o m m u n i c a t i o n p r o g r a m for o n -
site w a s t e w a t e r systems, i n c l u d i n g e d u c a t i o n i n local geology, local w a t e r q u a l i t y issues, a n d septic tanks 
a n d d r a i n f ields for the cit izens o f Castle V a l l e y . 
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Quantification and Management of Uncertainty in Salt Loading from 
the San Rafael Irrigation System 

Principal Investigators): 
Mac McKee 
Lizzette Oman 

Project Description: 
I r r i g a t i o n i n the va l leys o f the San Rafael R iver Basin i n E m e r y C o u n t y contr ibutes substant ia l 

a m o u n t s o f salt each year to the waters o f the Green River . H o w e v e r , there is considerable u n c e r t a i n t y i n 
h o w m u c h salt f l o w s o u t of these val leys , h o w m u c h o f the salt l o a d is d u e to a n t h r o p o g e n i c sources, 
i n c l u d i n g i r r i g a t i o n , a n d h o w salt m a n a g e m e n t projects w i l l affect to ta l salt loads f r o m the bas in . This 
project has e m p l o y e d m o d e r n m e t h o d s of data analysis to p r o v i d e better estimates of salt l o a d i n g f r o m 
the b a s i n a n d describe the a m o u n t o f u n c e r t a i n t y conta ined i n these estimates. The pro ject has also 
s o u g h t to i d e n t i f y data co l lec t ion m e t h o d s to reduce the u n c e r t a i n t y i n estimates of salt l o a d i n g . 

Accomplishments: 
W o r k i n p r i o r years has focused o n statistical analysis o f data avai lable f r o m his tor ic s tream f l o w and 

salt concentra t ion measurements , i n c l u d i n g the rea l - t ime data p r o v i d e d i n the on- l ine database operated 
b y the E m e r y W a t e r Conservancy D i s t r i c t ( E W C D ) (see h t t p : / / w w w . e w c d . o r g / ) . I n a d d i t i o n , statistical 
re la t ionships b e t w e e n stage a n d discharge, a n d b e t w e e n electrical c o n d u c t i v i t y a n d salt concentrat ion 
have been d e v e l o p e d for k e y locat ions o n Ferron, Rock C a n y o n , C o t t o n w o o d , a n d H u n t i n g t o n Creeks 
a n d o n the m a i n s t r e a m of the San Rafael River . Th is has been done so as to p r o v i d e the basis for a 
Bayesian bel ief n e t w o r k ( B B N ) m o d e l t h a t has been used to q u a n t i f y the u n c e r t a i n t y i n the estimate of 
salt l o a d i n g f r o m the bas in . A d d i t i o n a l probabi l i s t i c re la t ionships b e t w e e n c o n d u c t i v i t y a n d salt 
concentra t ion have been d e v e l o p e d f r o m the f u n d a m e n t a l p r i n c i p a l s of saline c h e m i s t r y . 

I n FY 2006, a B B N m o d e l w a s d e v e l o p e d a n d used to estimate d a i l y , w e e k l y , m o n t h l y , a n d annua l 
salt l o a d i n g f r o m the E W C D i n t o the San Rafael River , a n d to calculate the p r o b a b i l i t y d i s t r i b u t i o n of the 
salt l o a d i n g estimate. T h e m o d e l shows a n n u a l salt l o a d i n g to the San Rafael f r o m the f o u r E W C D 
streams to be o n the o r d e r o f 100,000 tons per year, w i t h the uncer ta in ty i n th i s est imate reflected b y a 
s t a n d a r d d e v i a t i o n o f a p p r o x i m a t e l y 30,000 tons/year. 

Work Plan FY07/FY08: 
W o r k began i n FY 2006 o n p r o g r a m m i n g the B B N salt l o a d i n g m o d e l to r u n o n the E W C D 

c o m p u t e r s so that salt l o a d i n g estimates can be d i s p l a y e d o n the E W C D w e b site. This w o r k w i l l be 
c o m p l e t e d i n FY 2007. The U t a h W a t e r Research L a b o r a t o r y ( U W R L ) w i l l also w o r k w i t h the E W C D to 
p r o v i d e i n f o r m a t i o n o n h o w they can i m p r o v e the i r data co l lec t ion sys tem i n o r d e r to i m p r o v e salt 
l o a d i n g calculations. O t h e r research at the U W R L is designed to p r o d u c e a n e w d e s i g n for a sa l in i ty 
p r o b e , a n d i f this is successful, this n e w p r o b e w i l l be tested i n the f i e l d i n the E W C D i n FY 2007 or FY 
2008. 

5-17 



Water Quality Engineering 

Benefits to the State: 
C o n t r o l a n d m a n a g e m e n t of salt i n the t r ibutar ies of the C o l o r a d o R i v e r is a d i f f i c u l t p r o b l e m that is 

f r a u g h t w i t h u n c e r t a i n t y . A p p l i c a t i o n of m e t h o d s t h a t are specif ical ly t a i l o r e d to q u a n t i f y a n d manage 
u n c e r t a i n t y a n d t h a t can e x p l o i t the w e a l t h of data tha t is b e c o m i n g avai lable f r o m b a s i n - w i d e real - t ime 
m o n i t o r i n g systems, such as the one operated b y the E W C D , can p o t e n t i a l l y p r o v i d e eff ic ient and cost-
effective w a y s of q u a n t i f y i n g these salt loads a n d e v a l u a t i n g alternatives for r e d u c i n g t h e m . This is w h a t 
w i l l be d e m o n s t r a t e d b y the use of B B N s i n th is project . 
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Real Time Monitoring Internet Portal for the Utah Water Research 
Laboratory (UWRL) 

Principal Investigators): 
Jeffery S. Horsburgh 

Project Description: 
Integrate a l l real t i m e a n d c o n t i n u o u s data co l lec t ion o n g o i n g at the U W R L i n t o a real t i m e data 

websi te . 

Create w e b appl i ca t ions f o r i n t e g r a t i n g , present ing , and d i s s e m i n a t i n g data collected b y 
invest igators at the U W R L . 

Accomplishments: 
A w e b server has been purchased , set u p , a n d c o n f i g u r e d to serve as the host for the p o r t a l . 

Work Plan FY 07/FY 08: 
P r o g r a m the i n t e r n e t a p p l i c a t i o n i n V i s u a l S t u d i o .Net a n d i m p l e m e n t the I n t e r n e t based websi te o n 

a U W R L server. 

Benefits to the State: 
A v a r i e t y o f projects are o n g o i n g at the U W R L w h e r e rea l - t ime or c o n t i n u o u s data are b e i n g collected. 

These data can be u s e f u l for i n d i v i d u a l s , classes, researchers, a n d managers f o r research, management , or 
s t u d y of the systems tha t they represent. This project benefits U t a h b y m a k i n g these data available a n d 
easily accessible for others t o use. 

• 
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Real Time Streamflow and Water Quality Monitoring Station in the 
Logan River at the Utah Water Research Laboratory (UWRL) 

Principal Investigators): 
DavidK. Stevens 
Jeff Horsburgh 

Project Description: 
The rea l - t ime m o n i t o r i n g s ta t ion , located i n the L o g a n River near the USGS g a g i n g s ta t ion at the exit 

f r o m L o g a n C a n y o n , L o g a n , U T (UGSG 10109000), w i l l p r o v i d e c o n t i n u o u s m o n i t o r i n g o f w a t e r q u a l i t y 
a n d w i l l be c o u p l e d w i t h the data s t ream f r o m the exis t ing real t i m e USGS s t r e a m f l o w gage to p r o v i d e a 
h i g h f requency, c o n t i n u o u s r e c o r d of s t r e a m f l o w a n d w a t e r q u a l i t y , w i t h rea l - t ime c l imate data f r o m the 
U t a h W a t e r Research L a b o r a t o r y ( U W R L ) weather s ta t ion f u n d e d separately. These data w i l l s u p p o r t 
in tegra ted w a t e r - r e l a t e d research a n d educat ional act ivit ies at U t a h State U n i v e r s i t y (USU) a n d the 
U W R L . The p r o p o s e d m o n i t o r i n g s ta t ion w i l l also serve as a m o d e l i n terms o f logistics, e q u i p m e n t , a n d 
par tnersh ips for p o t e n t i a l f u t u r e real t i m e m o n i t o r i n g stations located t h r o u g h o u t the Bear River 
Watershed i n s u p p o r t o f the W a t e r In i t ia t ive ' s L a b o r a t o r y W a t e r s h e d e f for t . 

Accomplishments: 
C o n t i n u e d o p e r a t i o n a n d maintenance of the m o n i t o r i n g s ta t ion at the L o g a n River g a u g i n g s ta t ion 

a n d p r o v i s i o n of the data to the p u b l i c v i a the in ternet u s i n g the Bear R i v e r W a t e r s h e d I n f o r m a t i o n 
System. 

Work Plan FY 07/FY 08: 
C o n t i n u e to operate a n d m a i n t a i n w a t e r q u a l i t y a n d f l o w m o n i t o r i n g e q u i p m e n t . Database a n d 

data analysis r e p o r t . 

Benefits to the State: 
The results o f this w o r k are to be a w o r k i n g real - t ime w a t e r q u a l i t y m o n i t o r i n g s ta t ion o n the L o g a n 

River , s u p p o r t i n g s o f t w a r e a n d i n t e r n e t interface, a n d a data r e p o r t . Th i s w i l l be benef ic ia l to the U t a h 
D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y ( U D E Q ) i n assessing w a t e r q u a l i t y c o n d i t i o n s a n d changes t h e r e i n 
o n the watersheds o f Cache V a l l e y . 
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Principal Investigators): 
David K. Stevens 
Bethany Neilson 

Project Description: 
T e m p e r a t u r e is a n i m p o r t a n t p h y s i c a l characteristic of a n aquatic sys tem because of its in tegra l 

r e l a t i o n s h i p w i t h chemica l a n d b i o l o g i c a l reac t ion rates, a n d a mechanis t ic m o d e l of t empera ture i n the 
V i r g i n R iver is u n d e r d e v e l o p m e n t . The V i r g i n R iver bas in has a n area of a p p r o x i m a t e l y 5,100 square 
m i l e s i n U t a h , A r i z o n a , a n d N e v a d a . N u m e r o u s s m a l l reservoirs exist i n the s t u d y area that w e r e 
constructed to p r o v i d e i r r i g a t i o n w a t e r . D i v e r s i o n dams o f t e n d r y the s t r e a m l e a v i n g o n l y w a t e r f r o m 
seepage a n d r e t u r n f l o w s i n the channe l b e l o w the d a m s . Large p o r t i o n s o f the f l o w i n the V i r g i n River 
are d i v e r t e d m u l t i p l e t imes (e.g., Q u a i l Creek d i v e r s i o n a n d W a s h i n g t o n Fields d i v e r s i o n ) p r o v i d i n g the 
o p p o r t u n i t y to test the m o d e l at ex t remely l o w f l o w s . H o t spr ings enter the r i v e r a n d cont r ibute to the 
elevated temperatures t h a t w i l l test the m o d e l ' s a b i l i t y to deal w i t h h o t p o i n t f l o w s . A d d i t i o n a l l y , 
sections of the bas in t h a t are c o m p l e t e l y exposed i n ex t remely h o t s u m m e r c o n d i t i o n s tha t w i l l test the 
model ' s a b i l i t y to capture the effects of large a m o u n t s o f evapora t ion , e x t r e m e l y h o t air temperatures , 
a n d d i rec t solar r a d i a t i o n . These features m a k e the V i r g i n River a n excellent test b e d for m o d e l i n g r ivers 
i n d y n a m i c desert watersheds . 

T h e focus of th is w o r k is to p r o v i d e h i g h - l e v e l technical s u p p o r t for c o n v e r s i o n of the exis t ing l o w -
p e r f o r m a n c e V i s u a l Basic for A p p l i c a t i o n s v e r s i o n of the t e m p e r a t u r e m o d e l to a h i g h - l e v e l m o d e r n 
F O R T R A N 95 tha t s h o u l d i m p r o v e c o m p u t a t i o n a l per formance b y a n o r d e r o f m a g n i t u d e , a n d p r o v i d e 
l i n k s to an ex is t ing M e t r o p o l i s - H a s t i n g s u n c e r t a i n t y analysis code. I n a d d i t i o n w e w i l l be d e v e l o p i n g a n 
a u t o m a t e d c a l i b r a t i o n p r o c e d u r e a n d i m p l e m e n t i n g tha t p r o c e d u r e for the V i r g i n R iver temperature 
m o d e l . Once c o m p l e t e d , the ent ire m o d e l i n g s t ructure w i l l be in tegra ted w i t h i n the U t a h W a t e r Research 
Laboratory ' s ( U W R L ) M a p W i n d o w - b a s e d dec is ion s u p p o r t f r a m e w o r k . 

Accomplishments: 
A l l of the technical tasks re la ted to c o n v e r s i o n of the t e m p e r a t u r e m o d e l i n g code to F O R T R A N 95 

a n d l i n k i n g the m o d e l to the M e t r o p o l i s - H a s t i n g s u n c e r t a i n t y analysis code l i s ted above have been 
accompl i shed . I n a d d i t i o n , d r a f t papers re lated to t e m p e r a t u r e a n d tracer data co l lec t ion have been 
c o m p l e t e d a n d are b e i n g rev ised for j o u r n a l submiss ion . Conference presentat ions w e r e done for f o u r 
n a t i o n a l conferences. 

Work Plan FY07/FY08: 
I n FY 07/ 08, w e w i l l be c o m p l e t i n g for s u b m i s s i o n the papers descr ibed above a n d t w o a d d i t i o n a l 

papers related to t e m p e r a t u r e m o d e l i n g i n the V i r g i n River u s i n g the above data co l lec t ion protocols . 
W e w i l l i m p l e m e n t the t e m p e r a t u r e m o d e l v i a a w e b page for use i n forecast ing w a t e r temperatures so 
t h a t a p p r o p r i a t e m a n a g e m e n t actions can be carr ied o u t to protect sensit ive f i s h species. 
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Benefits to the State: 

Specific benefits to the State o f U t a h o f the t empera ture m o d e l i n g w o r k o n g o i n g at the U W R L inc lude : 

• I m p r o v e d u n d e r s t a n d i n g of the t empera ture d y n a m i c s i n the V i r g i n R i v e r bas in . 

• A b i l i t y to p r e d i c t t e m p e r a t u r e i m p a c t s o n habi ta t for endangered f i s h species i n the V i r g i n River . 

• I m p r o v e d u n d e r s t a n d i n g o f energy f luxes i n desert r ivers tha t w i l l i m p r o v e p r e d i c t i o n of water 
c o l u m n tempera tures a n d the f o r m a t i o n of a n d temperatures i n t h e r m a l r e f u g i a for endangered 
species. 

• B e g i n n i n g o f a f r a m e w o r k for u n d e r s t a n d i n g surface a n d g r o u n d w a t e r t e m p e r a t u r e interact ions 
a n d the i r i m p a c t o n g r o u n d w a t e r management . 

• D e t a i l e d u n c e r t a i n t y analysis f o r the t empera ture m o d e l u s i n g the M e t r o p o l i s - H a s t i n g s a l g o r i t h m . 

• 
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The Bear River Basin in Idaho, Utah, and Wyoming 

Principal Investigators): 
David K. Stevens 
Nancy Mesner 
Terry F. Glover 
Arthur Kaplan 
Jeffery S. Horsburgh 
Joon Hee Lee 

Project Description: 
The 7,500 m i 2 Bear R i v e r W a t e r s h e d exempli f ies m a n y of the complex i t i es faced i n water q u a l i t y 

m a n a g e m e n t a n d is a n excellent candidate for s t u d y a n d d e m o n s t r a t i o n of h o w t r a d i n g based o n 
in tegra ted w a t e r s h e d i n f o r m a t i o n a n d m a n a g e m e n t can i m p r o v e w a t e r q u a l i t y . C u r r e n t l y , 52 streams 
a n d 9 lakes i n the bas in are l i s ted o n 303(d) lists of i m p a i r e d waters i n three states, I d a h o , U t a h , and 
W y o m i n g . Po l lutants i n c l u d e sediment , n u t r i e n t s , fecal c o l i f o r m bacteria, l o w d isso lved oxygen , a n d 
h i g h w a t e r t e m p e r a t u r e . P o l l u t a n t sources i n c l u d e a n i m a l f eed ing operat ions , g r a z i n g , agr i cu l ture , 
wastewater t rea tment , d e g r a d e d s t ream banks , u r b a n d e v e l o p m e n t , roads , phosphate m i n i n g , o i l a n d gas 
e x p l o r a t i o n , a n d l o g g i n g (Bear L a k e Regional C o m m i s s i o n and E R I , 1991; ERI , 1995; ERI , 1998). Eleven 
T M D L s have been c o m p l e t e d , w i t h a n a d d i t i o n a l 42 present ly i n d e v e l o p m e n t . F u n d s f r o m E P A 319, 
U S D A EQIP a n d other p r o g r a m s , as w e l l as considerable l a n d o w n e r m a t c h , have been used to i m p l e m e n t 
past a n d o n g o i n g w a t e r q u a l i t y projects t h r o u g h o u t the watershed . 

W a t e r q u a l i t y m a n a g e m e n t i n the Bear River Basin is c o m p l i c a t e d b y the t r a n s b o u n d a r y nature of the 
r i v e r , w h i c h meanders t h r o u g h three states w i t h m u l t i p l e j u r i s d i c t i o n s a n d p l a n n i n g author i t ies . This has 
resul ted i n f r a g m e n t a t i o n i n w a t e r q u a l i t y i m p r o v e m e n t efforts , a n d there is a press ing need for f u l l y 
in tegra ted w a t e r s h e d m a n a g e m e n t u s i n g i n n o v a t i v e a n d cost-effective w a t e r q u a l i t y so lut ions . 

T h e Bear River W a t e r Q u a l i t y Task Force (Task Force) was f o r m e d i n 1993 to faci l i tate management 
o f th is mul t i - s ta te w a t e r s h e d . T h e Task Force also p r o v i d e s w a t e r q u a l i t y advice to the Bear River 
C o m m i s s i o n , w h i c h oversees the a l loca t ion o f w a t e r t h r o u g h o u t the bas in . T h e Task Force has i d e n t i f i e d 
the f o l l o w i n g needs for better w a t e r s h e d management : m e r g e d a n d c o m m o n datasets; a coordinated , 
interstate a p p r o a c h f o r p l a n n i n g a n d i m p l e m e n t a t i o n o n a watershed scale; a n d a means to i d e n t i f y 
impacts a n d p r e d i c t responses of p r o g r a m i m p l e m e n t a t i o n o n a w a t e r s h e d - w i d e basis. 

This p r o p o s a l for E P A W a t e r s h e d I n i t i a t i v e d e s i g n a t i o n w i l l i m p l e m e n t studies to d e v e l o p a n d 
demonstra te : 1) a n in tegra ted w a t e r s h e d i n f o r m a t i o n sys tem to faci l i tate data col lect ion, data analysis, 
i n f o r m a t i o n transfer, a n d p u b l i c outreach ; 2) a w a t e r q u a l i t y t r a d i n g p r o g r a m t o a l l o w p o i n t a n d 
n o n p o i n t p o l l u t a n t sources to t rade w a t e r q u a l i t y credits ; a n d 3) d y n a m i c w a t e r q u a l i t y m o d e l i n g to 
s u p p o r t w a t e r q u a l i t y t r a d i n g a n d analysis of p o t e n t i a l w a t e r q u a l i t y m a n a g e m e n t scenarios. 

T h e set of p r o b l e m s a n d needs i n the Bear River Basin are c o m m o n to m o s t i f n o t a l l r u r a l watersheds 
i n the U n i t e d States. A d d to th i s the challenges associated w i t h m u l t i p l e j u r i s d i c t i o n s a n d the benefi t of 
h a v i n g a n o r g a n i z e d interstate task force a n d c o m m i s s i o n , a n d the Bear R i v e r Basin is a m i c r o c o s m for 
m a n y w e s t e r n w a t e r issues a n d presents a n excellent o p p o r t u n i t y for s t u d y i n g i n n o v a t i v e w a t e r q u a l i t y 
i m p r o v e m e n t approaches. 
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Accomplishments: 
U n d e r the auspices of th i s project , w e have established the Bear River W a t e r s h e d I n f o r m a t i o n System 

(WIS) for the p u r p o s e o f co l lec t ion a n d d i s s e m i n a t i o n of i n f o r m a t i o n c o n c e r n i n g f l o w , w a t e r q u a l i t y , 
w a t e r s h e d i m p r o v e m e n t projects, h i s tor i ca l scientific, engineer ing , a n d other studies, w a t e r s h e d 
c o m m u n i t y act ivit ies , a n d meet ings of r e g u l a t o r y , vo lunteer , a n d other organiza t ions concerned w i t h the 
c o n d i t i o n of the w a t e r s h e d . W e have also d e v e l o p e d a conceptual a p p r o a c h for i m p l e m e n t a t i o n of 
p h o s p h o r u s p o l l u t i o n c r e d i t t r a d i n g for farmers a n d other dischargers i n the l o w e r p o r t i o n of the 
w a t e r s h e d . W a t e r q u a l i t y m o d e l s are near ly comple te for i n s t r e a m condi t ions , a n d are u n d e r w a y for 
es t imat ing l o a d i n g of p h o s p h o r u s i n t o the Bear River subject to best m a n a g e m e n t practices u n d e r a 
p o l l u t a n t c red i t t r a d i n g system. 

Work Plan FY 07/FY 08: 
W o r k i n the next t w o years w i l l i n v o l v e c o m p l e t i o n of w a t e r q u a l i t y m o d e l s a n d economic analysis 

o f p o l l u t a n t t r a d i n g p o t e n t i a l , presentat ions at E P A Region 8 a n d the W a t e r E n v i r o n m e n t a l Assoc ia t ion 
of U t a h , S p r i n g Conference, St. George, U t a h , a n d p r e p a r a t i o n of project f i n a l r e p o r t . 

Benefits to the State: 
W a t e r q u a l i t y o n the Bear River w i l l be i m p r o v e d t h r o u g h a n i n t e g r a t i v e , hol is t ic perspect ive o n the 

w a t e r s h e d fac i l i ta ted b y the i n t e g r a t e d w a t e r s h e d i n f o r m a t i o n system. T r a d i n g w i l l p r o m o t e the most 
economica l ly benef ic ia l so lut ions to w a t e r q u a l i t y p r o b l e m s w i t h i n the geographic constraints a n d 
p h y s i c a l c o n n e c t i v i t y of the r i v e r bas in a n d s t ream n e t w o r k . 

Th is project is b e i n g c a r r i e d o u t i n c o n j u n c t i o n w i t h the State of U t a h a n d the Colleges of N a t u r a l 
Resources a n d H u m a n i t i e s , A r t s , a n d Social Sciences. The results of this w o r k are reports , presentations, 
a n d so f tware t h a t w i l l assess the effectiveness of best m a n a g e m e n t practices i n p h o s p h o r u s r e d u c t i o n i n 
the L i t t l e Bear River w a t e r . This pro ject has a s t rong i n t e r d i s c i p l i n a r y research focus. 

• 
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Treated Wastewater Use in Agricultural Irrigation: Technical 
Feasibility and Limitations 

Principal Investigators): 
Gary P. Merkley 
David K. Stevens 
Judith L. Sims 
Mac McKee 
Andrew Keller 
Leila Ahmadi 

Project Description: 
A s i n m a n y places i n the U n i t e d States a n d a r o u n d the w o r l d , U t a h is i n the m i d s t o f a c o n t i n u i n g 

t r e n d to i n c r e m e n t a l l y t ransfer w a t e r f r o m a g r i c u l t u r a l appl ica t ions to m u n i c i p a l a n d i n d u s t r i a l ( M & I ) 
uses. A s this occurs, t w o p r i n c i p a l p r o b l e m s are e m e r g i n g : 

1 . The w a t e r s u p p l y for a g r i c u l t u r a l i r r i g a t i o n is d i m i n i s h i n g , t h r e a t e n i n g sustainable a g r i c u l t u r a l 
p r o d u c t i v i t y . 

2. W h a t is to be d o n e w i t h the increasing quant i t ies of treated w a s t e w a t e r f r o m M & I sources? 

The p r o b l e m can be expressed a l o n g v a r i o u s l ines of i n q u i r y , such as w a t e r q u a l i t y , w a t e r s u p p l y 
h y d r o g r a p h s versus crop w a t e r requirements , so i l effects (e.g. i n f i l t r a t i o n rate, e r o d a b i l i t y , m i c r o b i a l 
a c t i v i t y ) , c rop effects, h e a l t h issues, appropriateness of d i f f e r e n t i r r i g a t i o n m e t h o d s , g r o u n d a n d surface 
w a t e r effects, conveyance a n d storage issues, re lat ive i m p a c t o f d i f f e r e n t w a t e r t r e a t m e n t levels, a n d 
others . 

B u t the premise is t h a t the s o l u t i o n to the f i r s t p r i n c i p a l p r o b l e m can, to a s igni f i cant extent, enta i l the 
s o l u t i o n to the second p r o b l e m . T h a t is, a transfer of w a t e r f r o m a g r i c u l t u r a l to M & I users invo lves a 
s ign i f i cant r e t u r n f l o w c o m p o n e n t w h i c h m u s t be disposed of, a n d w h i c h c o u l d v e r y w e l l compensate for 
the " loss " o f w a t e r to a g r i c u l t u r a l users. B u t the feas ibi l i ty o f such a c o m p l e m e n t a r y s o l u t i o n m u s t be 
p r e c l u d e d b y studies w h i c h d e t e r m i n e the i m p l i c a t i o n s of u s i n g t reated w a s t e w a t e r for a g r i c u l t u r a l 
i r r i g a t i o n . 

Accomplishments: 
L e i l a A h m a d i , has w o r k e d w i t h her graduate commit tee to d e v e l o p a comple te research p r o p o s a l to 

address the objectives stated above. She has i n t e r v i e w e d several persons i n Cache V a l l e y , Weber Basin, 
a n d i n C a l i f o r n i a a b o u t the issues i n v o l v e d w i t h treated wastewater reuse for i r r i g a t e d a g r i c u l t u r e . She 
a t t e n d e d a conference i n Santa Rosa, C a l i f o r n i a , i n October 2006, to l e a r n m o r e a b o u t the issues a n d to 
m a k e her p r o p o s a l m o r e comple te . 

Work Plan FY07/FY08: 
T h e m a i n objective is the d e v e l o p m e n t of a n e w mathemat i ca l m o d e l for s i m u l a t i n g several 

i m p o r t a n t technical factors re la ted to p l a n n i n g a n d m a n a g e m e n t for the reuse o f t reated m u n i c i p a l a n d 
i n d u s t r i a l ( M & I ) w a s t e w a t e r i n i r r i g a t e d a g r i c u l t u r e . I t is expected tha t the p r o p o s e d m o d e l w i l l be 
h e l p f u l as a c o m p u t a t i o n a l t o o l to deal w i t h some of the technical aspects of the c u r r e n t t r e n d of w a t e r 
transfers f r o m a g r i c u l t u r e to M & I users i n the w e s t e r n U S A a n d m a n y other areas o f the w o r l d , a n d the 
retransfer o f some w a t e r back to a g r i c u l t u r e . The specific objectives are e n u m e r a t e d i n the f o l l o w i n g list: 
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1 . D e v e l o p a GIS-based m o d e l for the p l a n n i n g a n d m a n a g e m e n t of treated was tewater reuse i n 
a g r i c u l t u r a l i r r i g a t i o n . 

2. M a t c h treated w a s t e w a t e r s u p p l y versus a g r i c u l t u r a l i r r i g a t i o n w a t e r d e m a n d i n a g r o w i n g 
u r b a n area a c c o r d i n g to t i m e , economics a n d p u m p i n g costs, p o t e n t i a l energy, i r r i g a t i o n 
m e t h o d , c rop t y p e , a n d t o p o g r a p h y . 

3. A p p l y the m o d e l i n a case s t u d y i n the State of U t a h . 

4. Propose best p l a n n i n g practices i n order to m a t c h the w a t e r s u p p l y a n d i r r i g a t i o n w a t e r 
requi rements . 

Benefits to the State: 
U n d e r s t a n d i n g of the technical issues r e g a r d i n g the use of treated M & I was tewater for a g r i c u l t u r a l 

i r r i g a t i o n , p o t e n t i a l l y l e a d i n g to a lessening of the impacts of w a t e r transfers o n sustainable a g r i c u l t u r a l 
p r o d u c t i o n , a n d to p r o v i d e a n economica l ly a n d e n v i r o n m e n t a l l y benef ic ia l d e s t i n a t i o n for a u g m e n t e d 
was tewater v o l u m e s f r o m t r e a t m e n t p l a n t s . This w o r k is expected to lead to a w i n - w i n s i t u a t i o n for t w o 
g r o u p s w h i c h have increas ing ly c o m p e t e d for avai lable w a t e r resources. 
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Weather Station Network for the Little Bear River Basin 

Principal Investigators): 
David K. Stevens 
Jeffery S. Horsburgh 
Amber Spackman 

Project Description: 
The u n d e r s t a n d i n g of n o n p o i n t loadings i n watersheds is closely i n t e r t w i n e d w i t h the u n d e r s t a n d i n g 

of w a t e r s h e d h y d r o l o g y a n d the e s t i m a t i o n o f r u n o f f and s t ream f l o w . T h e Bear R i v e r Basin, i n w h i c h the 
U t a h W a t e r Research L a b o r a t o r y ( U W R L ) is act ively i n v o l v e d i n three w a t e r q u a l i t y projects a n d w h i c h 
is the subject at least one p r o p o s a l b e i n g p r e p a r e d , a n d w h i c h is a n i n t e g r a l p a r t o f the p r o p o s e d Great 
Salt Lake Basin h y d r o l o g i c observatory , is c r i t i ca l ly l a c k i n g i n h y d r o l o g i c i n f o r m a t i o n systems, i n c l u d i n g 
s tream f l o w , w a t e r q u a l i t y , a n d basic c l imate data co l lec t ion faci l i t ies . W i t h o u t these data co l lec t ion 
facil i t ies, o u r a b i l i t y to assess basic w a t e r a n d p o l l u t a n t mass balances is c u r t a i l e d . 

The p r i m a r y d r i v e r o f water -based t r a n s p o r t i n watersheds is h y d r o l o g y . W e measure h y d r o l o g y i n 
terms o f s t ream f l o w a n d assess the c o n t r i b u t i o n s o f p a r t i c u l a r drainages to the f l o w at a m o n i t o r i n g 
s ta t ion b y the c o n t r i b u t i n g area. The taci t a s s u m p t i o n is t h a t every square k m i n a dra inage receives a n d 
del ivers the same a m o u n t o f p r e c i p i t a t i o n to the watercourse . O u r observat ions i n the Cache Val ley , a n d 
i n other U t a h watersheds , is t h a t the p r e c i p i t a t i o n is h i g h l y l o c a t i o n specific p a r t i c u l a r l y for single s torms 
i n w h i c h one subdra inage i n a w a t e r s h e d receives heavy r a i n f a l l a n d a n adjacent subdrainage receives 
next - to-none . I n a d d i t i o n , the o r o g r a p h i c effects o f the m o u n t a i n o u s t e r r a i n exacerbate th is v a r i a b i l i t y . 

C o n t a m i n a n t l o a d i n g i n t o w a t e r courses is even m o r e site specific because the i m p a c t t h a t a 
p a r t i c u l a r s t o r m event w i l l have depends o n w h e t h e r the p r e c i p i t a t i o n falls d i r e c t l y o n or i m m e d i a t e l y 
u p s t r e a m of a c o n t a m i n a n t source. So a parce l of l a n d o n w h i c h there is a n a n i m a l m a n a g e m e n t o p e r a t i o n 
m a y receive h e a v y p r e c i p i t a t i o n or o v e r l a n d f l o w m a y be adjacent to another, pr i s t ine , parcel tha t 
receives l i g h t p r e c i p i t a t i o n a n d c o n t a m i n a n t l o a d i n g w i l l be u n d e r e s t i m a t e d . 

Accomplishments: 
T h e weather stat ions have been purchased a n d a w a i t i n s t a l l a t i o n . 

Work Plan FY07/FY08: 
I n FY 07/08, w e w i l l be c o m p l e t i n g i n s t a l l a t i o n of the weather stations i n the L i t t l e Bear River 

w a t e r s h e d a n d p r o v i d i n g connect ions of these stations to the Bear R i v e r W a t e r s h e d I n f o r m a t i o n System. 

Benefits to the State: 
T h e e q u i p m e n t p u r c h a s e d u s i n g these f u n d s w i l l benef i t several efforts o n g o i n g i n the Bear River 

Basin: The U t a h State U n i v e r s i t y (USU) W a t e r In i t ia t ive ' s d r i v e t o establ ish a L a b o r a t o r y Watershed i n the 
Bear R i v e r Basin. 
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O n e of the goals of the U S U W a t e r I n i t i a t i v e is to establish a L a b o r a t o r y W a t e r s h e d i n the Bear River 
Basin. The a t t a i n m e n t of th is goal w i l l r e q u i r e a c o m m i t m e n t to establish the i n f r a s t r u c t u r e i n terms of 
e q u i p m e n t a n d data to m a k e a L a b o r a t o r y Watershed possible. The U S U W a t e r I n i t i a t i v e has a lready 
inves ted i n real t i m e m o n i t o r i n g e q u i p m e n t for the L o g a n River , a n d this e x i s t i n g e q u i p m e n t w i l l serve as 
the b e g i n n i n g of the Bear R i v e r M o n i t o r i n g N e t w o r k . E q u i p m e n t purchased u n d e r f u n d i n g f r o m this 
p r o p o s a l w i l l be u s e d to e x t e n d the capabil i t ies of the Bear River M o n i t o r i n g N e t w o r k . 

A 
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Weber/Ogden Basin Water Quality Study - DSS Completion Support 

Principal Investigators): 
DavidK. Stevens 
Thomas B. Hardy 
Jeff Horsburgh 
Yasser K. Nazzal 

Project Description: 
O n e of the press ing issues i n the W e b e r Basin i n U t a h is lake e u t r o p h i c a t i o n f r o m increased 

p h o s p h o r u s a n d n i t r o g e n f r o m p o i n t a n d n o n p o i n t sources. P o p u l a t i o n dens i ty a n d resul tant sewage 
disposal is also causing increase i n b i o l o g i c a l c o n t a m i n a t i o n i n the surface a n d g r o u n d w a t e r associated 
w i t h n u m e r o u s reservoirs . 

T h e p u r p o s e of th i s s t u d y is to assist the State of U t a h , loca l g o v e r n m e n t s , a n d w a t e r distr icts i n 
m o n i t o r i n g a n d u n d e r s t a n d i n g w a t e r q u a l i t y i n the W e b e r Basin. Specific w a t e r q u a l i t y p r o b l e m s and 
the i r causes w i l l be i d e n t i f i e d , a n d specific measures w h i c h s h o u l d be i m p l e m e n t e d t o preserve or 
enhance w a t e r q u a l i t y w i l l be d e t e r m i n e d . The s t u d y w i l l resul t i n a r e p o r t d o c u m e n t i n g specific w a t e r 
q u a l i t y p r o b l e m s a n d the i r causes a n d the procedures for i m p l e m e n t i n g n o n s t r u c t u r a l or m i n i m a l l y 
s t r u c t u r a l so lut ions f o r p r e s e r v i n g or i m p r o v i n g w a t e r q u a l i t y . U t a h State U n i v e r s i t y ' s role , i n 
c o n j u n c t i o n w i t h the U.S. B u r e a u of Rec lamat ion, Weber Basin W a t e r Conservancy D i s t r i c t , and the State 
o f U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y , is to p r o v i d e expertise i n d e v e l o p m e n t of computer-based 
d e c i s i o n - s u p p o r t tools a n d m o d e l s for w a t e r q u a l i t y p r e d i c t i o n a n d i m p r o v e m e n t i n the Weber Basin. 

Accomplishments: 
This project has enhanced U t a h State Univers i ty ' s n a t i o n a l r e p u t a t i o n t h r o u g h research v i s i b i l i t y 

based o n several j o u r n a l p u b l i c a t i o n s , papers presented at r e g i o n a l a n d n a t i o n a l conferences. This project 
has b u i l t the f o u n d a t i o n u p o n w h i c h a n a d d i t i o n a l $10 m i l l i o n i n ex terna l ly f u n d e d research is based. 
D u r i n g FY 06 w e have w o r k e d o n c o m p l e t i o n of the f i n a l r e p o r t for the pro ject a n d f i n a l d e b u g g i n g of the 
D e c i s i o n S u p p o r t System a n d D a t a V i e w e r code for the W e b e r System. I n a d d i t i o n , w e have w o r k e d w i t h 
the W e b e r Basin W a t e r Conservancy D i s t r i c t to d e b u g the w a t e r q u a l i t y data i n the project database and 
t o u p d a t e the w a t e r balance m o d e l to reflect recent ly c o m p l e t e d plans to enhance the w a t e r s u p p l y to the 
Park C i t y p o r t i o n of the bas in i n response to p o p u l a t i o n g r o w t h . 

Work Plan FY07/FY08: 
Source w a t e r p r o t e c t i o n , w a t e r s h e d p r o t e c t i o n strategy d e v e l o p m e n t w i l l c o n t i n u e to be the focus of 

th i s pro ject . W o r k w i l l be carr ied o u t b y project Pis to comple te m o d e l m o d i f i c a t i o n s a n d f i n a l r e p o r t i n g . 
I n a d d i t i o n , w e w i l l be creat ing the e v a l u a t i n g n e w f l o w scenarios re la ted to changes i n w a t e r s u p p l y 
o p t i o n s for the Park C i t y area a l o n g w i t h other reservoir o p e r a t i o n opt ions . F i n a l pro ject report , 
c o m p l e t e d sof tware , user's m a n u a l s , a n d other sof tware d o c u m e n t a t i o n w i l l be c o m p l e t e d . 
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Benefits to the State: 
This project is b e i n g carr ied o u t i n c o n j u n c t i o n w i t h the State of U t a h , D i v i s i o n of W a t e r Q u a l i t y , 

D i v i s i o n of F ish a n d W i l d l i f e , W e b e r Basin W a t e r Conservancy D i s t r i c t , i n a d d i t i o n to the U.S. Bureau o f 
Rec lamat ion . The results of th i s w o r k w i l l be a set of computer -based d e c i s i o n s u p p o r t tools a n d m o d e l s 
to a i d the state a n d the entit ies i n the W e b e r Basin i n m a n a g i n g bas in s t ream f l o w s to h e l p m a i n t a i n w a t e r 
q u a l i t y , p r i m a r i l y for i m p r o v i n g the operat ions a n d eff iciency of w a t e r t r e a t m e n t p lants u s i n g Weber 
Basin water . 

• 
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Graduate Assistance in Areas of National Need (GAANN) 

Principal Investigators): 
Randal S. Martin 
Laurie McNeill 
Sonia Manuel-Dupont 
Christina Bandaragoda 
Erik Dettenmaier 
Jared Ervin 
Heather Mickelson 
Bethany Neilson 
Mark Schmelter 

Project Description: 
The objective of the project is to increase the n u m b e r of q u a l i f i e d P h D students i n E n v i r o n m e n t a l 

E n g i n e e r i n g b y p r o v i d i n g m o n e y f o r s t ipends , research suppl ies , a n d t r a v e l f u n d s . 

Accomplishments: 
A l l six graduate s t u d e n t pos i t ions w e r e f i l l e d i n FY2006. The s tudents r e c e i v i n g G A A N N 

f e l l o w s h i p s p r o d u c e d the f o l l o w i n g p r o d u c t s th is year: 

Bandaragoda C. a n d B. N e i l s o n (2005). D a t a co l lec t ion m e t h o d o l o g y for d y n a m i c t e m p e r a t u r e m o d e l i n g , 
test ing, a n d c o r r o b o r a t i o n . Outstanding Student Paper Award at the 2005 Fall AGU (American 
Geophysical Union) Meeting. 

Doucet te , W . , E . M . D e t t e n m a i e r (2006). I n v e s t i g a t i n g the r e l a t i o n s h i p b e t w e e n chemical s t ructure , p l a n t 
u p t a k e , t rans loca t ion a n d transfer to f r u i t a n d vegetables. 12th International Workshop on 
Quantitative Structure-Activity Relationships Environmental Toxicology, L y o n , France, M a y 8-12, 
2006 (Ora l Presentat ion) . 

Det tenmaier , E . M . , W.J. Doucet te , O . N . O g u r e c h n i k o v a , A . H a l l (2006). The u p t a k e of polar , n o n -
ionizable organic c o m p o u n d s b y t o m a t o plants and transfer to f r u i t . SET AC North America 27th 
Annual, M o n t r e a l , Quebec, Canada, N o v e m b e r 5-9, 2006 (Poster Presentat ion) . 

Doucet te , W.J., S. T r a p p , E . M . D e t t e n m a i e r (2006). A c c u m u l a t i o n of p o l a r c o m p o u n d s i n leaves a n d 
f r u i t s - q u e s t i o n i n g the s u i t a b i l i t y of w i d e l y used TSCF - l o g K o w regressions. SET AC North 
America 27th Annual, M o n t r e a l , Quebec, Canada, N o v e m b e r 5-9, 2006 ( O r a l Presentation) . 

N e i l s o n , B.T., D . K . Stevens, S.C. Chapra , C M . Bandaragoda (2006). M o d e l d e v e l o p m e n t for mass a n d 
energy transfer b e t w e e n m a i n channel f l o w s , dead zones, a n d the h y p o r h e i c zone i n h i g h 
g r a d i e n t systems. Joint Assembly 2006, Ba l t imore , M D , M a y 2006 ( O r a l presentat ion) . 

N e i l s o n , B.T., C M . Bandaragoda , a n d D . K . Stevens (2006). V i r g i n R iver t e m p e r a t u r e a n d endangered 
species. Water Environment Association of Utah 2006 Annual Conference, St. George, U T , M a r c h 2006 
(Oral presentat ion) . 
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N e i l s o n , B.T., C M . Bandaragoda , a n d D . K . Stevens (2006). D a t a co l lec t ion m e t h o d o l o g y for d y n a m i c 
t e m p e r a t u r e m o d e l tes t ing a n d c o r r o b o r a t i o n . USU Spring Runoff Conference 2006, Logan , U T . 
M a r c h 2006 ( O r a l Presentat ion) . 

N e i l s o n , B.T., C M . Bandaragoda , a n d D . K . Stevens (2005). D a t a co l lec t ion m e t h o d o l o g y for d y n a m i c 
t e m p e r a t u r e m o d e l tes t ing a n d c o r r o b o r a t i o n . AGU Fall Conference 2005, San Francisco, C A , 
December 2005, (Poster). 

Work Plan FY 07/FY 08: 
P r o v i d e s t ipends a n d research/travel f u n d s for P h D students , m e n t o r i n g , a n d a 3-semester seminar 

series to prepare s tudents for careers i n academia. 

Benefits to the State: 
The project p r o v i d e d f u n d i n g for s ix P h D students i n FY2006. C u r r e n t s tudents are a l l d o i n g research 

projects i n the State of U t a h ( T M D L / m a n a g e m e n t of i n - s t r e a m resources, w a t e r resources management , 
hazardous waste r e m e d i a t i o n at H i l l A i r Force Base, p l a n t u p t a k e of organic chemicals) . 

• 
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Statewide Nonpoint Source Pollution Education Related to On-Site 
Wastewater Treatment Systems 

Principal Investigators): 
Darwin L. Sorensen 
Judith L Sims 
Patrick Andrew 

Project Description: 
This project d e v e l o p e d a n d i m p l e m e n t e d a n i n f o r m a t i o n a n d e d u c a t i o n p r o g r a m t h a t p r o v i d e d 

elected off ic ials , s tudents , a n d the general p u b l i c w i t h on-site was tewater m a n a g e m e n t i n f o r m a t i o n 
re la ted to the p r e v e n t i o n of n o n p o i n t source p o l l u t i o n . 

Accomplishments: 
I n the past, this pro ject has p r o v i d e d s u p p o r t for educat ional mater ia ls presented at the a n n u a l 

meet ings of the U t a h On-Site Wastewater Assoc ia t ion a n d at meet ings of the W e b e r - M o r g a n H e a l t h 
D e p a r t m e n t Wastewater A d v i s o r y C o m m i t t e e . A guidance d o c u m e n t : " O n s i t e Wastewater Treatment : A 
G u i d e for Elected G o v e r n m e n t Off ic ia l s a n d Part ic ipants i n C i t y a n d C o u n t y G o v e r n m e n t " has been 
p r e p a r e d a n d w i l l be d i s t r i b u t e d t h r o u g h the U t a h League of Cit ies a n d T o w n s to local g o v e r n m e n t 
of f ic ia ls . 

Work Plan FY 07/FY 08: 
G u i d a n c e for p l a n n i n g a n d i m p l e m e n t i n g on-site wastewater t r e a t m e n t so t h a t n o n p o i n t source 

p o l l u t i o n can be p r e v e n t e d are b e i n g d e v e l o p e d . Th is guidance is b e i n g d e v e l o p e d p r i n c i p a l l y for local 
g o v e r n m e n t off ic ials . 

Benefits to the State: 
T h e project has s u p p o r t e d the d e v e l o p m e n t of c u r r i c u l u m mater ia ls for the U t a h On-si te Wastewater 

T r e a t m e n t T r a i n i n g P r o g r a m . This p r o g r a m cont inues to de l iver t r a i n i n g r e s u l t i n g i n cer t i f icat ion of o n -
site w a s t e w a t e r t r e a t m e n t professionals as r e q u i r e d b y U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y 
regula t ions . S u p p o r t w a s also p r o v i d e d for the d e v e l o p m e n t of educat iona l presentat ions to the U t a h O n -
Site W a s t e w a t e r A s s o c i a t i o n i n t h e i r profess ional conferences. T r a i n i n g w a s p r o v i d e d to senior 
E n v i r o n m e n t a l E n g i n e e r i n g s tudents at U t a h State U n i v e r s i t y as they w o r k e d to d e v e l o p an i m p r o v e d 
a p p r o a c h to e v a l u a t i n g a p p r o p r i a t e septic system densities i n r u r a l , w e s t e r n Weber C o u n t y , U t a h , tha t 
w o u l d protect g r o u n d w a t e r q u a l i t y . The project c u l m i n a t e d i n the p r e p a r a t i o n of a b r o c h u r e ent i t l ed 
" O n s i t e Wastewater T r e a t m e n t : A G u i d e for Elected G o v e r n m e n t Off ic ia ls a n d C i t y a n d C o u n t y 
G o v e r n m e n t Employees i n U t a h . " Th is b r o c h u r e w i l l be d i s t r i b u t e d to c i ty a n d c o u n t y governments b y 
t h e U t a h League of Cit ies a n d T o w n s . 

H i g h - p r i o r i t y issues addressed b y this project i n c l u d e g r o u n d w a t e r q u a l i t y p r o t e c t i o n a n d r e d u c t i o n 
o f the potent ia l for h u m a n exposure to pathogens f r o m on-site was tewater d isposal . G r o u n d w a t e r is the 
source o f m u n i c i p a l w a t e r s u p p l y f o r m o s t r u r a l c o m m u n i t i e s i n U t a h a n d across the n a t i o n . N e a r l y every 
h o u s e h o l d outs ide of m u n i c i p a l i t i e s d r a w s its w a t e r s u p p l y f r o m g r o u n d w a t e r . I t is i m p e r a t i v e tha t the 
q u a l i t y of g r o u n d w a t e r be p r o t e c t e d f o r domest ic s u p p l y a n d other m u n i c i p a l a n d i n d u s t r i a l uses. 
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The con junct ive i n t e r a c t i o n of g r o u n d w a t e r a n d surface w a t e r resources p r o v i d e s a p o t e n t i a l p a t h w a y 
b y w h i c h n i t ra te , b i o c h e m i c a l o x y g e n d e m a n d i n g substances, a n d pathogens m a y enter surface water . 
The q u a l i t y o f g r o u n d w a t e r s h o u l d n o t degrade surface w a t e r q u a l i t y . 

W h e n septic systems are i m p r o p e r l y des igned, ins ta l led a n d / o r m a i n t a i n e d , i t is possible for sewage 
to back u p i n t o h o u s e h o l d p l u m b i n g f ix tures . Sewage can also rise to the l a n d surface w h e r e people can 
be exposed to pathogens . Object ionable odors f r o m f a i l i n g t rea tment systems m a y a n n o y neighbors . 

C o n v e n t i o n a l septic systems a n d other on-site wastewater t rea tment systems can be effective i n 
p r o t e c t i n g g r o u n d w a t e r q u a l i t y w h e n site so i l a n d g r o u n d w a t e r e l e v a t i o n p r o p e r t i e s are considered i n 
l a n d d e v e l o p m e n t p l a n n i n g , w h e n the t rea tment sys tem i n s t a l l a t i o n is d o n e p r o p e r l y , a n d w h e n the 
sys tem is a p p r o p r i a t e l y m o n i t o r e d a n d m a i n t a i n e d . This project h e l p e d assure t h a t th is cr i t i ca l 
c o m b i n a t i o n of p l a n n i n g , i n s t a l l a t i o n , a n d maintenance can occur across the State o f U t a h . P l a n n i n g 
guidance for local g o v e r n m e n t off ic ials a n d employees, t r a i n i n g of professionals i n the design, 
cons t ruc t ion , a n d enforcement c o m m u n i t i e s , a n d i n f o r m a t i o n for h o m e o w n e r s as p r o v i d e d b y local h e a l t h 
d e p a r t m e n t employees w h o w e r e t r a i n e d b y project personnel w e r e a l l p r o d u c t s of the project . I n f o r m e d 
dec is ion makers ac t ing at every j u n c t u r e of the on-site was tewater t r e a t m e n t n e t w o r k are l i k e l y to m a k e 
decisions tha t w i l l resul t i n l o w e r levels of p o l l u t a n t s en ter ing g r o u n d w a t e r a n d surface w a t e r thus 
h e l p i n g to meet the goals o f the U t a h n o n p o i n t source m a n a g e m e n t p r o g r a m . 
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Utah On-Site Wastewater Treatment Training Program 

Principal Investigators): 
Judith L. Sims 
Darwin L. Sorensen 
Ronald C. Sims 
Margaret M. Cashell 
Richard Jex 
Brian Cowan 
Jenny Hurst 
Patrick Andrew 
Amanda Davis 

Project Description: 
The U t a h On-Site W a s t e w a t e r T r e a t m e n t T r a i n i n g P r o g r a m w a s established i n January 1998 i n 

coopera t ion w i t h the U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y ( D E Q ) a n d the t w e l v e U t a h local hea l th 
depar tments to p r o v i d e c lassroom a n d f i e l d (hands-on) t r a i n i n g to U t a h h o m e o w n e r s , regulators , 
designers, instal lers , p u m p e r s , a n d other stakeholders i n on-site w a s t e w a t e r t r e a t m e n t systems. 

A d e q u a t e l y p r o t e c t i n g e n v i r o n m e n t a l h e a l t h and enhanc ing user sat is fact ion are achieved t h r o u g h 
k n o w l e d g e a b l e selection, c o m p e t e n t des ign, correct ins ta l la t ion , a n d p r o p e r o p e r a t i o n of on-site systems. 
A p p l y i n g the r i g h t t e c h n o l o g y i n the r i g h t place depends o n h a v i n g accurate i n f o r m a t i o n a n d up- to-date 
t r a i n i n g . L a n d o w n e r s , h o m e o w n e r s , developers , lenders, instal lers , regula tors , p lanners , m u n i c i p a l 
author i t ies , a n d elected author i t i es are a l l stakeholders i n U t a h on-site issues a n d m u s t have current 
i n f o r m a t i o n a n d t r a i n i n g to address these matters responsib ly . 

A l t h o u g h p r o p e r l y selected, des igned, ins ta l led , a n d operated on-site w a s t e w a t e r t rea tment systems 
p r o v i d e h i g h levels of p r o t e c t i o n of h u m a n h e a l t h and e n v i r o n m e n t a l q u a l i t y , some systems d o fa i l , w i t h 
m o s t of the d o c u m e n t e d fa i lures of these systems o c c u r r i n g b y discharge of e f f l u e n t i n t o saturated soils, 
b a c k u p i n t o the house, or w a s t e w a t e r p o n d i n g o n the soi l surface. Systems are also considered to be 
f a i l i n g i f w a s t e w a t e r ef f luents h i g h i n n i t r o g e n , phosphates, or pathogenic m i c r o o r g a n i s m s reach surface 
o r g r o u n d w a t e r resources. T r a i n i n g of a l l those i n v o l v e d i n w a s t e w a t e r t r e a t m e n t a n d disposal , i.e., those 
w h o evaluate a site to see i f i t is sui table for a n on-site system, those w h o d e s i g n a n d ins ta l l the system, 
regulators w h o oversee the system, a n d h o m e o w n e r s w h o operate the system, w i l l a i d i n the p r e v e n t i o n 
o f such fa i lures . 

U t a h w i l l c o n t i n u e to g r o w , a n d h o u s i n g d e v e l o p m e n t s w i l l c o n t i n u e to e x p a n d i n t o current o p e n 
space. Such d e v e l o p m e n t m a y i n c l u d e areas of g r o u n d w a t e r recharge, s h a l l o w soils, or s h a l l o w 
g r o u n d w a t e r . C u r r e n t U t a h rules a l l o w the use of c o n v e n t i o n a l septic t a n k systems as w e l l as three 
a l ternat ive t r e a t m e n t systems t h a t m a y be insta l led i n areas w i t h soils unsui tab le f o r convent iona l 
systems. T r a i n i n g of those i n v o l v e d i n the use of a l ternat ive systems w i l l ensure t h a t these types of 
systems, w h i c h r e q u i r e m o r e m a n a g e m e n t , w i l l operate ef fect ively . 

Accomplishments: 
W e cont inue to p r o v i d e w o r k s h o p s i n s u p p o r t of the m a n d a t o r y State-of -Utah cer t i f i ca t ion p r o g r a m 

f o r on-site was tewater professionals . 
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O n September 27-28, 2005 M s . J u d i t h Sims a n d M s . M a r g a r e t Cashell p r o v i d e d a t r a i n i n g p r o g r a m o n 
on-site systems for a p p r o x i m a t e l y 40 persons associated w i t h Region 8 U.S. E n v i r o n m e n t a l Protect ion 
A g e n c y i n D e n v e r , C o l o r a d o . I n June of 2006 i n Casper, W y o m i n g , M s . J u d i t h Sims, M s . M a r g a r e t 
Cashell , a n d M r . B r i a n C o w a n t a u g h t a w o r k s h o p o n on-site p r o g r a m s a n d a l ternat ive systems to about 
50 people associated w i t h the W y o m i n g D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y . M s . J u d i t h Sims also 
presented a t r a i n i n g p r o g r a m for users of on-site systems i n C r o o k C o u n t y , W y o m i n g i n June of 2006. 

D u r i n g FY 2005, the f o l l o w i n g w o r k s h o p s i n s u p p o r t of the cer t i f i ca t ion p r o g r a m w e r e h e l d : 

Leve l I : Heber C i t y , September 2005; O g d e n , October 2005; Cedar C i t y , A p r i l 2006; V e r n a l M a y 2006. 

L e v e l I I : Heber C i t y , September 2005; O g d e n , October 2005; L o g a n , M a y 2006. 

L e v e l I I I : L o g a n , N o v e m b e r 2005 a n d M a y 2006. 

L e v e l I Recert i f icat ion: Cedar C i t y , A p r i l 2006; V e r n a l , M a y 2006. 

L e v e l I I Recert i f icat ion: Cedar C i t y , A p r i l 2006; St. George, A p r i l 2006; V e r n a l , M a y 2006. 

Leve l I I I Recert i f icat ion: L o g a n , N o v e m b e r 2005 a n d M a r c h 2006. 

I n a d d i t i o n , D r . R o n a l d Sims p r o v i d e d assistance to the State o f U t a h w i t h r e g a r d to on-site 
w a s t e w a t e r t r e a t m e n t issues as a m e m b e r of the U t a h W a t e r Q u a l i t y B o a r d . M s . J u d i t h Sims served as 
acted as c h a i r m a n of the a n n u a l U t a h On-Site Wastewater Assoc ia t ion ( U O W A ) conference p l a n n i n g 
c o m m i t t e e . The s i x t h a n n u a l conference of the U O W A w a s h e l d i n M a r c h of 2006 at the D a v i s Conference 
Center, w i t h 100 people i n attendance. D r . D a r w i n Sorensen serves as a m e m b e r of the W e b e r - M o r g a n 
H e a l t h D e p a r t m e n t On-Site W a s t e w a t e r T r e a t m e n t A d v i s o r y B o a r d . 

Work Plan FY 07/FY 08: 
A state legis lat ive i n i t i a t i v e w a s i n t r o d u c e d a n d passed as H o u s e B i l l 14s d u r i n g the 2001 Legis lat ive 

Session to d e v e l o p a cer t i f i ca t ion p r o g r a m for persons i n v o l v e d i n s i t i n g , d e s i g n i n g , o p e r a t i n g , a n d 
m a i n t a i n i n g b o t h c o n v e n t i o n a l a n d a l ternat ive on-site systems. The cer t i f i ca t ion p r o g r a m , a d m i n i s t e r e d 
b y the D i v i s i o n of W a t e r Q u a l i t y i n the U t a h D e p a r t m e n t of E n v i r o n m e n t a l Q u a l i t y , invo lves m a n d a t o r y 
t r a i n i n g p r o v i d e d b y the U t a h On-Site Wastewater T r e a t m e n t T r a i n i n g P r o g r a m . 

T h e cer t i f i ca t ion p r o g r a m inc ludes three levels, each of w h i c h requires w o r k s h o p s p r o v i d e d t h r o u g h 
the U t a h On-Site W a s t e w a t e r T r e a t m e n t T r a i n i n g P r o g r a m : 

L e v e l I : Soil E v a l u a t i o n a n d Perco la t ion Test ing . 

L e v e l I I : D e s i g n , Inspec t ion , a n d Maintenance of C o n v e n t i o n a l Systems. 

L e v e l I I I : D e s i g n , O p e r a t i o n , a n d Maintenance of A l t e r n a t i v e Systems. 

L e v e l I I I cer t i f i ca t ion expires after t w o years, so w e are also c o n d u c t i n g L e v e l I I I recert i f icat ion 
w o r k s h o p s . I n 2006 w e began p r o v i d i n g Level I a n d L e v e l I I recer t i f i ca t ion w o r k s h o p s , as that 
cer t i f i ca t ion expires after 5 years. 

I n a d d i t i o n , w e are p r o v i d i n g leadership i n the d e v e l o p m e n t of a n on-site w a s t e w a t e r t rea tment 
profess ional p r o g r a m ( U t a h On-Site Wastewater Assoc ia t ion ( U O W A ) ) to p r o m o t e , faci l i tate , a n d elevate 
t h e profess ional d e v e l o p m e n t of i n d i v i d u a l s i n the on-site i n d u s t r y a n d also t o increase p u b l i c 
awareness a n d e d u c a t i o n c o n c e r n i n g on-site was tewater t r e a t m e n t issues. 
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Water Education and Technology Transfer 

Benefits to the State: 
A s p o p u l a t i o n g r o w t h a n d associated h o u s i n g d e v e l o p m e n t s c o n t i n u e to threa ten the preservat ion of 

a g r i c u l t u r a l lands i n U t a h , there is a n increased need for accurate a n d t h o r o u g h i n f o r m a t i o n o n on-site 
wastewater t rea tment technologies . The U t a h On-Site Wastewater T r e a t m e n t T r a i n i n g P r o g r a m addresses 
these challenges t h r o u g h s u c h means as w o r k s h o p s , newsletters , a n d e d u c a t i o n a l brochures . 

M a n y of the soils i n U t a h are m a r g i n a l or unacceptable for use o f c o n v e n t i o n a l so i l a b s o r p t i o n systems 
d u e to h i g h or f l u c t u a t i n g w a t e r tables, s l o w l y permeable or h i g h l y permeable so i l hor izons , a n d extreme 
slopes. Experience w i t h a n d k n o w l e d g e of a l ternat ive systems tha t can be u t i l i z e d o n such sites w i t h 
unsui tab le condi t ions is genera l ly l o w i n U t a h . The On-Site T r a i n i n g P r o g r a m also p r o v i d e s the necessary 
e d u c a t i o n to u t i l i z e a l te rnat ive systems i n a n effective m a n n e r that w i l l protec t b o t h p u b l i c h e a l t h and the 
e n v i r o n m e n t . 
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Fluid Mechanics and Hydraulics 

Calibration and Evaluation of Piute Dam Weir 

Principal Investigators): 
Steven L. Barfuss 

Project Description: 
Discrepancies w e r e observed b e t w e e n calculated l o w level out le t t u n n e l flow rates a n d flow rates 

over the USGS w e i r d o w n s t r e a m of P iute D a m o n the Sevier River . The p u r p o s e of the s t u d y is to ensure 
that the large a m o u n t s of s e d i m e n t tha t accumula ted o n the u p s t r e a m side o f the w e i r d u r i n g the 
r e h a b i l i t a t i o n of P iute d a m has n o t affected the accuracy of the w e i r c a l i b r a t i o n . 

Accomplishments: 
T h e project w i l l d e t e r m i n e the a p p r o p r i a t e r a t i n g curve that s h o u l d be used at the USGS w e i r at 

Piute D a m and w i l l also evaluate other possible p r o b l e m s tha t c o u l d affect flow rate measurements of 
releases f r o m Piute D a m . 

I t t o o k longer t h a n expected to gather recent f i e ld ca l ibra t ion data ( f r o m Ray O w e n , U p p e r Sevier 
River C o m m i s s i o n e r ) a n d h is tor ica l USGS ca l ibra t ion data for the w e i r . Once these w e r e gathered, the 
data w e r e p l o t t e d w i t h a theoret ical c u r v e a n d also w i t h the data collected f r o m a phys ica l m o d e l of the 
w e i r . The phys ica l m o d e l data was generated f r o m a 10 scale m o d e l constructed a n d tested at the 
U W R L . F igure 1 i l lustrates the data . 

Work Plan FY 07/FY08: 
1 . C o m p l e t e a p r e l i m i n a r y l i t e ra ture r e v i e w o n 2-stage w e i r s . This is the t y p e of w e i r tha t exists at 

Piute d a m . 
2. O b t a i n i n f o r m a t i o n f r o m the USGS r e g a r d i n g past m e t h o d o l o g y for c a l i b r a t i n g this w e i r . 
3. O b t a i n past USGS c a l i b r a t i o n data for the w e i r . 
4. O b t a i n recent ca l ibrat ions f r o m the U p p e r Sevier River C o m m i s s i o n e r . 
5. O b t a i n " a s - b u i l t " d r a w i n g s f r o m the USGS. 
6. D e v e l o p a spreadsheet p r o g r a m t h a t predic ts a r a t i n g c u r v e f o r generic 2-stage w e i r s . 
7. P lo t theoret ical r a t i n g curves a l o n g side actual USGS a n d other recent w e i r c a l i b r a t i o n data. 
8. B u i l d a f u l l w i d t h scale m o d e l of the USGS w e i r s t ruc ture at the U t a h W a t e r Research 

L a b o r a t o r y ( U W R L ) , a n d d e v e l o p a r a t i n g c u r v e w i t h a n d w i t h o u t s e d i m e n t loadings u p s t r e a m . 
9. D e t e r m i n e other p r o b l e m s w i t h flow measurement techniques at the d a m . 

Benefits to the State: 
T h e results of th is pro ject w i l l c o n f i r m the accuracy of the ex i s t ing c a l i b r a t i o n for the USGS w e i r 

d o w n s t r e a m of Piute D a m . Th is w i l l h e l p d a m o w n e r s m o r e accurately m a n a g e Piute reservoir water , a n d 
the i m p r o v e d f l o w measurements w i l l benef i t a l l d o w n s t r e a m w a t e r users. 

• 
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Figure 1 . Ra t ing c u r v e for P iute w e i r f r o m USGS data, theoret ica l calculat ions, p h y s i c a l 
measurements f r o m the d a m operator a n d the p h y s i c a l m o d e l 
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Fluid Mechanics and Hydraulics 

Culvert Hydraulic Analysis and Design for Rural Roads 

Principal Investigators): 
William J. Grenney 

Project Description: 
The objective of th i s research is t o d e v e l o p a c o m p u t e r p r o g r a m that can be effect ively a p p l i e d b y 

local c o m m u n i t y d e s i g n engineers for the analysis of the h y d r a u l i c characteristics of i r r e g u l a r shaped 
culver ts . I n p a r t i c u l a r , the p r o g r a m w i l l address the h y d r a u l i c complex i t ies of p a r t i a l l y b u r i e d culverts as 
they relate to e n v i r o n m e n t a l impacts such as barr iers to f i s h passage. 

Accomplishments: 
T h e p r o t o t y p e interface w a s f u r t h e r r e f i n e d i n response to c o m m e n t s f r o m s t u d e n t evaluators . The 

interface w a s u p d a t e d a n d a n e w archi tec tura l construct w a s i n t r o d u c e d for the n u m e r i c a l a l g o r i t h m s . 
The interface for the analysis of h y d r a u l i c j u m p s i n culverts is s h o w n i n F i g u r e 1 . 

Work Plan FY 07/FY 08: 
T h e p l a n of a p p r o a c h is to d e v e l o p stand-alone, stable n u m e r i c a l a l g o r i t h m s f o r the p u r p o s e of 

genera t ing the geometr ic parameters descr ib ing i r r e g u l a r c u l v e r t shapes. The parameters are used i n 
h y d r a u l i c m o d e l s for the analysis of h y d r a u l i c des ign propert ies . 

Benefits to the State: 
O v e r 80% of U t a h roads a n d h i g h w a y s are l o w v o l u m e r u r a l roads . Because of the great distances 

b e t w e e n c o m m u n i t i e s a n d the dispersed p o p u l a t i o n , b u d g e t s for c o n s t r u c t i o n a n d maintenance are 
severely stressed. O f t e n dra inage a n d e n v i r o n m e n t a l considerat ions are i m p o r t a n t t r a n s p o r t a t i o n issues 
h a v i n g d i rec t i m p a c t o n c o m m u n i t i e s . This research w i l l resul t i n a m e t h o d o l o g y a n d a c o m p u t e r t o o l for 
s m a l l a n d m e d i u m sized r u r a l c o m m u n i t i e s to m o r e effect ively p l a n , des ign , a n d m a i n t a i n culverts for 
u n i q u e s i tuat ions as w e l l as for m o s t s t a n d a r d insta l la t ions . 

• 
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A Hydraulic Jump Test • H E 

Figure 1. 
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Fluid Mechanics and Hydraulics 

Experimental Determination of Shear Stress in the Laboratory 

Principal Investigators): 
Blake Tullis 

Project Description: 
Shear stress, created b y f l o w passing near a b o u n d a r y , is discussed i n m o s t f l u i d mechanics 

textbooks. E r o s i o n c o n t r o l p r o d u c t s for channel s tab i l iza t ion appl ica t ions are so ld based o n the 
m a x i m u m a l l o w a b l e shear stress the p r o d u c t can w i t h s t a n d before f a i l u r e occurs. I f these p r o d u c t s have 
a per formance l i m i t based o n shear stress, t h e n i t w o u l d s tand to reason tha t reasonable estimates of 
shear stress can be m a d e i n b o t h the f i e l d a n d l a b o r a t o r y settings. T h i s s t u d y w i l l evaluate d i f f e r e n t 
m e t h o d s of e s t i m a t i n g shear stress values i n the labora tory based o n e x p e r i m e n t a l data col lect ion. The 
v a r i o u s p r e d i c t i v e h y d r a u l i c m e t h o d s w i l l be c o m p a r e d w i t h the shear force measured d i r e c t l y u s i n g a 
l o a d cell . 

Accomplishments: 
The PIC system w a s p u r c h a s e d near the end of the fiscal year. W o r k to i m p r o v e the shear f l u m e 

f a c i l i t y began i n June 2006. 

Work Plan FY 07/FY 08: 
U p g r a d e the shear flume tes t ing fac i l i ty b y i m p r o v i n g the i n s t r u m e n t a t i o n ( load cell r e a d o u t d i sp lay 

a n d a P I V system). C o n d u c t a comprehens ive s t u d y c o m p a r i n g a v a r i e t y o f b o u n d a r y layer shear stress 
p r e d i c t i v e techniques to l a b o r a t o r y data . The i n p u t data r e q u i r e d for the p r e d i c t i v e m e t h o d s w i l l be 
s u p p l i e d f r o m the e x p e r i m e n t a l data . 

Benefits to the State: 
U D O T , a long w i t h perhaps other state agencies, specifies types of eros ion c o n t r o l p r o d u c t s to be used 

i n channel s t a b i l i z a t i o n projects w i t h ties to t r a n s p o r t a t i o n . A better u n d e r s t a n d i n g of the accuracy of 
shear stress p r e d i c t i v e m e t h o d s , b o t h i n the l a b o r a t o r y a n d f i e l d w i l l a l l o w the agency specifications to be 
m o r e accurately established a n d m e t . I t m a y be tha t erosion c o n t r o l p r o d u c t s s h o u l d n o t be marke ted a n d 
eva lua ted based o n shear stress l i m i t a t i o n s i f shear stress values cannot be accurately d e t e r m i n e d , 
p a r t i c u l a r l y i n the f i e l d . 
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Fluid Mechanics and Hydraulics 

Hydraulic Design Data for Environmentally Sensitive Culvert 
Installations 

Principal Investigators): 
Blake Tullis 

Project Description: 
C u r r e n t l y , v e r y l i t t l e d e s i g n i n f o r m a t i o n is avai lable for c u l v e r t designs for e n v i r o n m e n t a l l y sensitive 

areas. I t is b e c o m i n g m o r e c o m m o n to des ign culverts , n o t based o n the smallest d iameter r e q u i r e d to 
pass a d e s i g n f l o w rate, b u t ra ther l i m i t the m a x i m u m d e s i g n v e l o c i t y to faci l i tate f i s h a n d debris passage. 
The m i s s i n g d e s i g n i n f o r m a t i o n inc ludes i n l e t a n d out le t loss coefficients fo r o u t l e t - c o n t r o l l e d f l o w a n d 
d e s i g n f l o w curves f o r i n l e t - c o n t r o l . C o m m o n l y , these culverts have b u r i e d i n v e r t s or are bottomless . 
W i t h th is t y p e of c o n f i g u r a t i o n , the d e t e r m i n a t i o n of a representat ive M a n n i n g ' s n v a l u e ( h y d r a u l i c 
roughness) becomes m u c h m o r e c o m p l i c a t e d as the channel w a l l s a n d f l o o r are m a d e of d i f f e r e n t 
mater ia ls . 

Accomplishments: 
W o r k o n the i n l e t loss coefficients a n d in le t c o n t r o l f l o w capacity f o r c i rcu lar a n d e l l i p t i c a l b u r i e d 

i n v e r t culverts ( f i sh passage culver ts ) w i t h v a r y i n g degrees of i n v e r t b u r i a l was c o m p l e t e d . For each 
c u l v e r t shape a n d i n v e r t b u r i a l scenario, a v a r i e t y of i n l e t c u l v e r t end treatments w e r e evaluated 
i n c l u d i n g square h e a d w a l l , p r o j e c t i n g , m i t e r e d to slope, a n d beve led . Each e n d t rea tment was evaluated 
for b o t h p o n d e d a n d channe l ized a p p r o a c h f l o w c o n d i t i o n s . 

T h e h y d r a u l i c characteristics o f s l i p - l i n e d culverts (i.e., culverts tha t are rehab i l i t a ted b y s l i d i n g a 
s m o o t h - w a l l e d p i p e ins ide the o l d c u l v e r t a n d g r o u t i n g the a n n u l a r space b e t w e e n ) p o r t i o n of the s t u d y 
w a s also c o m p l e t e d . Th is eva lua ted i n l e t loss coefficients a n d in le t c o n t r o l head-discharge re lat ionships 
f o r v a r i o u s e n d t r e a t m e n t geometr ies tha t m i g h t be expected w i t h s l i p - l i n e d culver ts . A s culverts i n U t a h 
a n d elsewhere reach the e n d of the i r u s e f u l l i fe , s l i p - l i n i n g is a pract ica l a n d economica l s o l u t i o n to 
e x t e n d i n g the l i f e of the c u l v e r t . 

M u l t i - b a r r e l cu lver ts test ing is p a r t of o u r c u r r e n t research e f for t . A s ign i f i cant a m o u n t of data have 
been collected f o r e v a l u a t i n g the i r h y d r a u l i c characteristics based o n the n u m b e r of culverts , the spacing 
b e t w e e n culverts , a n d v a r i o u s a p p r o a c h f l o w condi t ions . T h a t p a r t of the s t u d y s h o u l d be f in ished i n 
2007. 

O n e aspect of q u a n t i f y i n g composi te h y d r a u l i c roughness i n o p e n channel f l o w is the a b i l i t y to 
accurately q u a n t i f y the h y d r a u l i c roughness of a u n i f o r m l y r o u g h e n e d channel . S igni f icant progress has 
been m a d e i n character iz ing the h y d r a u l i c roughness parameters i n o p e n channel f l o w . L a b data for 
u n i f o r m l y r o u g h e n e d channels, d e v e l o p e d as p a r t of th is s t u d y , s h o w e d t h a t a c o m m o n h y d r a u l i c 
roughness coeff ic ient ( M a n n i n g ' s n ) used i n o p e n channel f l o w calculat ions, has a dependency o n the 
channel slope. T h r o u g h the use of d i m e n s i o n a l analysis a n d lab data, a n e w m e t h o d has been deve loped 
f o r a c c o u n t i n g for tha t s lop effect. W e are c u r r e n t l y w o r k i n g o n a p u b l i c a t i o n o n the topic . 

I n a d d i t i o n to the u n i f o r m l y r o u g h e n e d channel w o r k , the data co l lec t ion phase of the composite 
roughness has c o n t i n u e d as w e l l . A l l w o r k to date has been c o n d u c t e d i n 4-f t w i d e b y 4-f t deep b y 48-ft 
l o n g rec tangular channel for b o t h u n i f o r m a n d composi te roughness scenarios. The b o u n d a r y roughness 
m a t e r i a l represented s m o o t h , s k i n - f r i c t i o n , a n d form-loss b o u n d a r y c o n d i t i o n s . T h e e x p e r i m e n t a l results 
are c o m p a r e d w i t h the p r e d i c t i v e results of 15 d i f f e r e n t p u b l i s h e d equat ions for p r e d i c t i n g composite 
h y d r a u l i c roughness coefficients. 
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Work Plan FY07/FY08: 
W e w i l l focus o n the f o l l o w i n g objectives: 

• F i n i s h the p e r f o r m a n c e of m u l t i - b a r r e l culverts to d e t e r m i n e the appropriateness of 
s u p e r p o s i t i o n d e s i g n m e t h o d s . 

• P u b l i s h results o n the s lope dependency of h y d r a u l i c roughness coefficients i n o p e n channel 
f l o w i n a p e e r - r e v i e w e d j o u r n a l . 

• C o n t i n u e w o r k i n the area of e v a l u a t i n g p r e d i c t i v e m e t h o d s for compos i te roughness i n 
rectangular channels a n d i n c i rcular culverts w i t h b u r i e d inver ts , w i t h the goal of i d e n t i f y i n g a 
m e t h o d tha t can be a p p l i e d to f i s h passage culverts . The rectangular channel tests w i l l i n c l u d e 
a d d i t i o n a l form- loss b o u n d a r y condi t ions , as form- loss b o u n d a r y c o n d i t i o n s are m o r e consistent 
w i t h b u r i e d - i n v e r t c u l v e r t f l o w boundar ies . These results s h o u l d also have a p p l i c a b i l i t y to 
culverts w i t h compos i te roughness boundar ies caused b y s e d i m e n t a t i o n . 

Benefits to the State: 
A l t h o u g h U t a h does n o t have a s igni f i cant m i g r a t o r y f i s h p o p u l a t i o n , f i s h hab i ta t can be s igni f i cant ly 

r e d u c e d b y a cu lver t , w h i c h i n h i b i t s f i s h passage. The need to faci l i tate n a t u r a l debr is passage m a y also 
become m o r e i m p o r t a n t i n the State of U t a h as the need to m a i n t a i n n a t u r a l systems g r o w s . I n general, a 
d e s i g n m a n u a l , w h i c h w i l l f u n c t i o n as s u p p l e m e n t to the Federal H i g h w a y s A d m i n i s t r a t i o n ' s H y d r a u l i c 
D e s i g n S t u d y #5 (HDS-5) , w i l l be the f i n a l p r o d u c t of this s t u d y . I t s h o u l d p r o v e a va luab le resource for 
U t a h D e p a r t m e n t of T r a n s p o r t a t i o n projects. Several Masters s tudents are p a r t i c i p a t i n g i n this project. 

M o r e specif ical ly , h o w e v e r , the results of the composi te roughness a n d the b u r i e d - i n v e r t c u l v e r t 
s tudies s h o u l d have d i rec t a p p l i c a t i o n to culverts i n U t a h , w h i c h have been p a r t i a l l y f i l l e d w i t h sediment . 
A s c u l v e r t w i t h appreciable s e d i m e n t d e p o s i t i o n , w i l l have a b u r i e d - i n v e r t g e o m e t r y . The h y d r a u l i c 
roughness w i l l f a l l u n d e r the compos i te category, and the results f r o m this s t u d y s h o u l d a i d i n the 
d e t e r m i n a t i o n of head-discharge re la t ionships , w h i c h are necessary for e v a l u a t i n g u p s t r e a m f l o o d i n g a n d 
r o a d w a y o v e r t o p p i n g p o t e n t i a l . 
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Hydraulic Structures for Flood Control and Flood Bypass 

Principal Investigators): 
William J. Rahmeyer 
Steven L Barfuss 
Michael C. Johnson 
John Newton 
Mike Stover 
Wade Goodridge 

Project Description: 
Part ic ipate w i t h the U t a h F l o o d p l a i n a n d S t o r m W a t e r M a n a g e m e n t A s s o c i a t i o n a n d the U t a h Off ice 

o f H o m e l a n d Security i n d e v e l o p i n g a series o f j o i n t w o r k s h o p s o n f l o o d i n g a n d f l o o d p l a i n problems . 
Represent the U t a h W a t e r Research L a b o r a t o r y ( U W R L ) o n the b o a r d of d irec tors of the U t a h F l o o d p l a i n 
a n d S t o r m W a t e r M a n a g e m e n t Assoc ia t ion . F l o o d r o u t i n g , m a n a g e m e n t , a n d p l a n n i n g . Retro- f i t of 
d a m s for d r o u g h t c o n t r o l a n d storage. R e h a b i l i t a t i o n a n d r e t r o - f i t of s p i l l w a y c o n t r o l s tructures . 

Accomplishments: 
D e t a i l e d data a n d l a b o r a t o r y measurements w e r e m a d e of the side channel lateral w e i r s used for 

bypass c o n t r o l . The w e i r s w e r e ana lyzed for b o t h f l o o d c o n t r o l a n d f o r the effect o f s e d i m e n t d i v e r s i o n . 
A v e r y u n i q u e d e s i g n w a s created that a l l o w e d f l o o d d i v e r s i o n a n d negated the effects of sediment 
d e p o s i t i o n at the bypass s t r u c t u r e . A s t u d e n t thesis was p u b l i s h e d based o n this concept. 

A n o t h e r s t u d y w a s the effect of b r i d g e or h i g h w a y c o l u m n s o n f l o o d i n g i n f l o o d p l a i n s a n d f l o o d 
w a y s . The s t u d y i n c l u d e d c o l u m n geometry , the effect of debr is t r a p p e d b y the c o l u m n s , a n d the effect 
o f the c o l u m n s o n s e d i m e n t t ranspor t a n d d e p o s i t i o n . The results of th is s t u d y have i m p o r t a n c e to U t a h 
because of the need to a d d a d d i t i o n a l b r i d g e c o l u m n s or piers to ex i s t ing s t ream crossings to 
accommodate the w i d e n i n g of U t a h roads a n d h i g h w a y s . 

A c u r v e d ogee crest w a s s t u d i e d for the Success D a m near P o r t e r v i l l e C a l i f o r n i a . Several d i f f e r e n t 
designs a n d crest shapes w e r e eva luated . A n i m p o r t a n t concept tha t w a s i n v e s t i g a t e d was the effect of 
r e d u c i n g the peak o u t f l o w h y d r o g r a p h of the reservoir b y i m p r o v i n g the eff ic iency of the crest at l o w e r 
f l o w rates a n d reservoir levels . Several n e w studies are n o w p l a n n e d for the c o n t i n u a t i o n of the 
r e m e d i a t i o n a n d storage raise phases for the Success D a m s t u d y . These studies are necessary d u e to a 
recent p r o b l e m w i t h u n c o n s o l i d a t e d soils located d i r e c t l y beneath the ex i s t ing d a m . The State of U t a h 
also has a n u m b e r of s tructures tha t share this p r o b l e m . 

T h e Physical M o d e l o f G i l b o a D a m S p i l l w a y , Gannet F l e m i n g / H a z e n Sawyer , A Joint V e n t u r e a n d 
the N e w Y o r k C i t y D e p a r t m e n t of E n v i r o n m e n t a l Protect ion, w a s f u n d e d a n d w i l l be c o m p l e t e d b y 
January 2007. 

T h e F o l s o m D a m A u x i l i a r y S p i l l w a y Physical H y d r a u l i c M o d e l , C e s p k - E d - D C o n t r a c t W91238-05-D 
-0009, Task O r d e r 0007 has j u s t been f u n d e d . 

Work Plan FY07/FY08: 
Several papers w i l l be w r i t t e n a n d p u b l i s h e d . P a r t i c i p a t i o n w i l l c o n t i n u e i n the U t a h F l o o d p l a i n 

a n d S t o r m W a t e r M a n a g e m e n t Assoc ia t ion , i n c l u d i n g service o n the B o a r d o f Direc tors for the U t a h 
F l o o d p l a i n a n d S t o r m W a t e r M a n a g e m e n t Assoc ia t ion . Physical a n d n u m e r i c a l m o d e l i n g of several 
reservoirs a n d dams w i l l c o n t i n u e for the U.S. A r m y Corps of Engineers a n d the C i t y of N e w Y o r k . 
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Benefits to the State: 
There are several reasons w h y flood c o n t r o l has become even m o r e o f a cr i t i ca l issue for the State of 

U t a h . One reason is the d e v e l o p m e n t a long a n d w i t h i n o u r f l o o d p l a i n s . U r b a n g r o w t h n o t o n l y 
contr ibutes to larger floods, b u t also reduces the size a n d a b i l i t y o f o u r f l o o d w a y s a n d channels to convey 
major f l o w s . Research w a s c o n d u c t e d o n t w o n e w a n d i n n o v a t i v e concepts i n h y d r a u l i c s tructures that 
w i l l have a d i rec t i m p a c t a n d benef i t for U t a h c o m m u n i t i e s . 

O n e concept that w a s researched this year w a s the concept that ut i l izes bypass c o n d u i t s to r o u t e 
excess f l o w s a r o u n d a sect ion of channel or r i v e r . The bypass condui t s u t i l i z e large c o n t r o l w e i r s that 
c o n t r o l the f l o o d h y d r o g r a p h s a n d manage the sediment t ranspor t . There are a n u m b e r of issues related 
to the bypass concept t h a t have p r o h i b i t e d the use o f bypass s tructures i n U t a h . A c u r r e n t s t u d y is 
focus ing o n the effects o f b r i d g e p i e r c o l u m n s o n f l o w d i v e r s i o n i n f l o o d channels . The cons t ruc t ion of the 
bypass culverts f o r the G u a d a l u p e River i n d o w n t o w n San Jose, C A are p a r t i a l l y f i n i s h e d a n d s h o u l d be 
complete i n ear ly 2004. 

The r e t r o f i t o f d a m s a n d reservoirs for increased storage is a n i m p o r t a n t issue. Such projects i n v o l v e a 
u n i q u e d e s i g n of a s p i l l w a y a n d c o n t r o l s t ruc ture that can b o t h raise the p o o l e l e v a t i o n of the reservoir 
a n d also increase the o u t f l o w capacity o f the s p i l l w a y . M a n y of the d a m s a n d s p i l l w a y structures i n the 
W e s t e r n U n i t e d States are located i n the d i v e r s i o n channels that w e r e used to construct the reservoirs a n d 
d a m s . I t is too expensive to w i d e n a n d excavate the channels to increase f l o w capacity so n e w ideas a n d 
designs for the s p i l l w a y crest c o n t r o l sections are b e i n g researched. A u n i q u e d e s i g n concept of a c u r v e d 
ogee crest u t i l i z i n g a n u n d e r - d e s i g n e d crest was m o d e l e d . I t was f o u n d tha t the d e s i g n increased p o o l 
e levat ion a n d increased f l o w capacity w i t h o u t the need to w i d e n the d i v e r s i o n channels. 
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Numerical Modeling of the Great Salt Lake 

Principal Investigators): 
Robert £ Spall 

Project Description: 
The Great Salt Lake (GSL) is a t e r m i n a l lake located i n the n o r t h e r n p o r t i o n of the State of U t a h a n d is 

the r e m n a n t of p r e h i s t o r i c Lake B o n n e v i l l e . The lake is r o u g h l y 75 mi les l o n g a n d 30 mi les w i d e . 
H o w e v e r , i n 1959, the S o u t h e r n Pacific T r a n s p o r t a t i o n Co. c o m p l e t e d c o n s t r u c t i o n of a r a i l r o a d causeway 
across the lake ( r u n n i n g i n a n east/west d i rec t ion) w h i c h separated the lake i n t o n o r t h ( G u n n i s o n Bay) 
a n d s o u t h (Gi lber t Bay) a rms . Three m a j o r f resh w a t e r t r ibutar ies f l o w i n t o the s o u t h a r m , consequently 
i ts s a l i n i t y ( a p p r o x i m a t e l y 120 parts per t h o u s a n d (ppf)) is m u c h l o w e r t h a n tha t of the n o r t h a r m 
( a p p r o x i m a t e l y 280 ppf ) . 

These h i g h levels of s a l i n i t y p l a y a s t r o n g role i n the lake's ecosystem. I n p a r t i c u l a r , b r i n e s h r i m p are 
one of the f e w species tha t l ives w i t h i n the lake, a n d p l a y a n i m p o r t a n t ro le i n k e e p i n g the lake's w a t e r 
clean t h r o u g h algae c o n s u m p t i o n . The b r i n e s h r i m p also s u p p o r t an i n d u s t r y i n w h i c h b r i n e s h r i m p eggs 
are harvested a n d s o l d w o r l d w i d e as f i sh f o o d . O t h e r i m p o r t a n t i n d u s t r i e s i n v o l v e the ex t rac t ion of 
m i n e r a l s such as c o m m o n salt, m a g n e s i u m m e t a l , s o d i u m a n d p o t a s s i u m sulfate, a n d m a g n e s i u m 
c h l o r i d e . Recreat ional uses of the lake have been h a m p e r e d d u e to l o n g - t e r m f l u c t u a t i o n s i n w a t e r levels, 
l e a d i n g to large changes i n the surface area. G i v e n the i m p o r t a n c e of the lake to the r e g i o n , l o n g - t e r m 
efforts have been u n d e r w a y b y the U n i t e d States Geological Survey a n d the U t a h D e p a r t m e n t of N a t u r a l 
Resources to def ine p h y s i c a l characteristics of the GSL, a n d to u n d e r s t a n d h o w m a n is af fect ing the lake. 

C u r r e n t l y , there is n o consensus as to the general c i r c u l a t i o n pat terns that exist w i t h i n the GSL, n o r 
does consensus exist r e g a r d i n g the d o m i n a n t ( forc ing) mechanisms that cause the c i r c u l a t i o n . Th is is 
l i k e l y , i n par t , d u e to the ex t remely c o m p l e x interact ions tha t occur b e t w e e n the lake a n d re levant forc ing 
f u n c t i o n s such as w i n d , solar r a d i a t i o n , t empera ture , h u m i d i t y , r i v e r i n f l o w s , r a i n , a n d C o r i o l i s forces. 
The objective of th is w o r k is to d e t e r m i n e the inf luence of i m p o r t a n t external f o r c i n g f u n c t i o n s o n the 
c i r c u l a t i o n patterns w i t h i n the s o u t h a r m of the lake, a n d to p r e d i c t these pat terns u n d e r b o t h s u m m e r 
a n d w i n t e r e n v i r o n m e n t a l c o n d i t i o n s . 

Accomplishments: 
Results to date ind ica te that f o r c i n g the lake t h r o u g h surface heat f l u x , w i t h m i n i m a l w i n d stresses, 

results i n the f o r m a t i o n of m u l t i p l e , unsteady gyres, s i m i l a r to those w h i c h have been observed to exist 
o n the lake, at least d u r i n g the s u m m e r . The sense of r o t a t i o n of these c o m p u t e d gyres is general ly 
counter -c lockwise d u r i n g s p r i n g a n d s u m m e r m o n t h s , a n d c lockwise d u r i n g w i n t e r m o n t h s , a l t h o u g h 
t h e f l o w s are q u i t e uns teady . Representat ive results for f o r c i n g t h r o u g h surface heat transfer are s h o w n 
i n F igure 1 , i n d i c a t i n g d o m i n a n t ant i -cyc lonic m o t i o n s d u r i n g late s p r i n g . These cyclonic gyres w e r e n o t 
observed w h e n f o r c i n g d u e to b o t h w i t h a n d surface heat f luxes was enforced s i m u l t a n e o u s l y , even w i t h 
the i n c l u s i o n of a tmospher ic i n s t a b i l i t y effects. 

Work Plan FY 07/FY08: 
T h e h y d r o d y n a m i c s m o d e l E L C O M (Hodges a n d D a l l i m o r e , 2006) w i l l be u t i l i z e d to d e t e r m i n e lake 

f l o w patterns , a n d to evaluate the inf luence of i m p o r t a n t f o r c i n g f u n c t i o n s o n these pat terns . E L C O M 
solves the unsteady, t h r e e - d i m e n s i o n a l , Reynolds-averaged Navier-Stokes ( R A N S ) a n d scalar t ranspor t 
equat ions , a n d e m p l o y s the h y d r o s t a t i c a s s u m p t i o n for pressure a n d the Boussinesq a p p r o x i m a t i o n for 
d e n s i t y . C o r i o l i s effects, surface w i n d stresses a n d t h e r m a l f o r c i n g , i n f l o w s , a n d t r a n s p o r t of salt are a l l 
capabi l i t ies of the code that w e r e u t i l i z e d i n th is w o r k . 
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Benefits to the State: 
A h y d r o d y n a m i c s m o d e l has been a p p l i e d to the s o u t h a r m of the Great Salt Lake . M o d e l i n p u t s a l l o w 

users to examine the inf luences of a w i d e range of f o r c i n g func t ions o n the h y d r o d y n a m i c b e h a v i o r of the 
lake. Consequent ly , the t r a n s p o r t of p o l l u t a n t s a n d inf luxes of f resh w a t e r i n t o the lake m a y be predic ted , 
a i d i n g i n m a n a g e m e n t o f th i s w a t e r resource. 

Reference 

Hodges , B. a n d C. D a l l i m o r e (2006). Estuary, Lake and Coastal Ocean Model: ELCOM. v2.2 Science M a n u a l , 
Center for W a t e r Research, U n i v e r s i t y of W e s t e r n A u s t r a l i a . 
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Sediment Transport and Flood Control 

Principal Investigators): 
William J. Rahmeyer 
John Newton 
Mike Stover 
Wade Goodridge 
Jan Miller 

Project Description: 
1 . F u n d a m e n t a l h y d r a u l i c s of s e d i m e n t a t i o n a n d erosion. 

2. Equat ions a n d m e t h o d o l o g i e s to p r e d i c t the sediment t r a n s p o r t i n steep m o u n t a i n streams a n d 
closed c o n d u i t s . 

3. D e v e l o p s e d i m e n t t r a n s p o r t equat ions a n d m e t h o d s for U D O T . 

4. A n u n d e r s t a n d i n g o f the effect o f vegeta t ion o n the s e d i m e n t t r a n s p o r t i n f l o o d p l a i n s . 

5. S t u d y the effect of w i l l o w s a n d salt cedars o n f l o w resistance a n d f l o o d p l a i n m a n a g e m e n t w i t h 
W.E.S. a n d Salt Lake C o u n t y (Brent B i r d a l ) , p o s s i b i l i t y e x p a n d to i n c l u d e Sevier R iver bas in a n d 
Bear Lake dis t r ic ts . 

6. C o n t i n u e research a n d p u b l i s h i n g j o u r n a l articles o n f l o o d p l a i n resistance a n d the effect of 
vege ta t ion o n f l o w resistance. 

7. The effect of the s e d i m e n t a t i o n process o n erosion a n d d e p o s i t i o n at cu lver t s a n d r o a d crossings. 

8. Present papers a n d discuss ion o n sed iment t r a n s p o r t at the next s y m p o s i u m s sponsored b y the 
I E C A a n d U S C O L D a n d E W R I . 

9. P u b l i s h a j o u r n a l p a p e r of F l o o d p l a i n Resistance D u e to V e g e t a t i o n w i t h the I n t e r n a t i o n a l 
H y d r a u l i c Research Assoc ia t ion . 

Accomplishments: 
Conference presentat ions i n St. George U t a h a n d M o a b , U t a h . 

Work Plan FY 07/FY 08: 
Research projects w i t h the W a t e r w a y s E x p e r i m e n t Stat ion of the U.S. A r m y Corps of Engineers. 

P u b l i s h papers o n s e d i m e n t t r a n s p o r t a n d the effect of vegetat ion . Several conference presentations. 

Benefits to the State: 
Since U t a h streams a n d r ivers f o r m e d u n d e r u n i q u e geologic a n d c l imat ic c o n d i t i o n s , u n d e r s t a n d i n g 

s e d i m e n t a t i o n a n d eros ion processes is i m p o r t a n t . H o w is sed iment p r o d u c e d i n o u r watersheds? H o w is 
i t t ranspor ted i n the streams a n d rivers? W h a t is the balance b e t w e e n eros ion a n d d e p o s i t i o n i n o u r 
f loodpla ins? The s e d i m e n t a t i o n process affects m o s t m a n - m a d e act ivit ies i n c l u d i n g agr i cu l ture , 
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u r b a n i z a t i o n , r e c l a m a t i o n , a n d m i n i n g . S h o r t - t e r m a n d l o n g - t e r m changes i n c l imate a n d p r e c i p i t a t i o n 
interact w i t h the s e d i m e n t a t i o n process to cause f l o o d i n g and debris f l o w p r o b l e m s i n U t a h . A major 
interest to the State of U t a h a n d other W e s t e r n States is the effect of the s e d i m e n t a t i o n process o n the 
f l o o d i n g a n d f l o o d r o u t i n g i n f l o o d p l a i n s . 

Present k n o w l e d g e a n d m e t h o d o l o g i e s w e r e deve loped for c l imates a n d geo logy d i f f e r e n t f r o m those 
i n U t a h . O u r research objectives are: 1) c o n t i n u e d e v e l o p i n g p r e d i c t i o n m e t h o d s a n d m o d e l s of 
s e d i m e n t a t i o n a n d scour, 2) c o n d u c t basic a n d a p p l i e d research to solve specific sed iment prob lems that 
affect U t a h , a n d 3) w o r k w i t h local a n d state agencies to p r o v i d e e d u c a t i o n a n d s u p p o r t i n the area of 
s e d i m e n t a t i o n . 

D i r e c t benefi ts to the State o f U t a h w i l l be f r o m the k n o w l e d g e a n d m e t h o d o l o g y ga ined f r o m this 
research i n s e d i m e n t a t i o n a n d eros ion. A l m o s t a l l areas of a g r i c u l t u r e , m i n i n g , forestry , rec lamat ion, and 
t r a n s p o r t a t i o n s h o u l d benef i t d i r e c t l y f r o m this research. The D i v i s i o n of O i l , Gas, a n d M i n i n g ; D i v i s i o n 
of W a t e r Q u a l i t y ; D i v i s i o n of W a t e r Resources; U t a h D e p a r t m e n t of T r a n s p o r t a t i o n ; a n d w a t e r 
conservancy dis tr ic ts w i l l be i n f o r m e d of o u r results. A better u n d e r s t a n d i n g of th is research a n d h o w i t 
applies to U t a h m a y p o s i t i v e l y i m p a c t federal guide l ines and r e q u i r e m e n t s of s e d i m e n t a t i o n a n d erosion 
c o n t r o l for U t a h . 

• 
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Sizing Air Vents for Small to Medium Size Dams 

Principal Investigators): 
Blake Tullis 

Project Description: 
V e n t i n g air to the d o w n s t r e a m side of c o n t r o l gates i n l o w level out le t w o r k s is necessary to prevent 

or m i n i m i z e the adverse effects of sub-atmospher ic pressures i n the p i p e . Such effects i n c l u d e excessive 
s t r u c t u r a l l o a d i n g a n d d a m a g e to p i p e w a l l caused b y cav i ta t ion . A i r vents are r e q u i r e d b y the State of 
U t a h f o r m o s t dams, b u t n o re l iable m e t h o d for d e t e r m i n i n g the size of the v e n t p i p e has been deve loped , 
p a r t i c u l a r l y for s m a l l to m e d i u m sized dams, w h i c h are c o m m o n t h r o u g h o u t U t a h . 

Accomplishments: 
T h e f i rs t phase of th is s t u d y , w h i c h has been c o m p l e t e d , i n c l u d e d a l i t e r a t u r e r e v i e w o n s iz ing out le t 

w o r k s air vents for s m a l l a n d m e d i u m sized d a m s . U s i n g data a n d a d e s i g n m e t h o d presented b y the US 
A r m y Corps of Engineers ( U S A C E ) , C h a d B r o w n (MS Student) d e v e l o p e d a spreadsheet p r o g r a m for 
p r e d i c t i n g air d e m a n d s a n d s i z i n g air vents . A beta v e r s i o n release of the a ir v e n t s i z i n g p r o g r a m was 
sent to d a m safety o f f i c ia l t h r o u g h o u t the US i n 2005 for e v a l u a t i o n . 

Work Plan FY 07/FY 08: 
T h e c u r r e n t phase has three p r i m a r y tasks, collect air d e m a n d f i e l d data at s m a l l to m e d i u m sized 

d a m s i n U t a h , m o d e l i n g the air e n t r a i n m e n t process at specific d a m sites at w h i c h f i e l d data w e r e 
col lected u s i n g c o m p u t a t i o n a l f l u i d d y n a m i c s (CFD) , a n d c o m p a r i n g the actual a ir d e m a n d ( f i e ld data) 
w i t h the e m p i r i c a l a n d c o m p u t a t i o n a l p r e d i c t i v e m e t h o d s . D r . Bruce Savage ( Idaho State U n i v e r s i t y ) , an 
a l u m n u s of U S U a n d the U W R L w i l l be c o n d u c t i n g C F D s i m u l a t i o n s of the air v e n t a n d out le t w o r k s to 
d e t e r m i n e i f C F D can be used as a n effective t o o l for s iz ing air vents . 

Benefits to the State: 
T h e results of th is s t u d y s h o u l d p r o v e benefic ial to the State of U t a h , speci f ical ly the Off ice of Water 

Rights , w h i c h also deals w i t h d a m safety i n the state. A t present, there are no specific guidel ines i n U t a h 
f o r s i z i n g air vents for o u t l e t w o r k s . T h i s is the case for m o s t states. 
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Submerged Head-Discharge Relationships for Ogee Crest Weirs 

Principal Investigators): 
Blake Tullis 

Project Description: 
W h e n ogee crest w e i r s are used, p a r t i c u l a r l y i n i r r i g a t i o n appl i ca t ions for f l o w measurement or 

d i v e r s i o n structures , they m a y at t imes operate u n d e r a s u b m e r g e d c o n d i t i o n , m e a n i n g t h a t the ta i lwater 
exceeds the w e i r crest e levat ion . I n s u c h cases, the s t a n d a r d free-discharge re la t ionships no longer a p p l y . 
This s t u d y inc ludes q u a n t i f y i n g the effects of submergence o n ogee crest w e i r s f o r use as a f l o w 
measurement device or to p r e d i c t u p s t r e a m f l o w depths ( f l o o d i n g ) d u r i n g the d e s i g n phases, w h e n f l o w 
data is t y p i c a l l y a n i n d e p e n d e n t var iable , p r o v i d e d b y h y d r o l o g i c m o d e l i n g so f tware . 

Accomplishments: 
E x p e r i m e n t a l data w a s col lected b y Jesse N e i l s o n i n FY 2006, as p a r t of his M S p r o g r a m . 

Work Plan FY07/FY08: 
A d d i t i o n a l data w i l l be collected i n FY 2007 to f u r t h e r ref ine the re la t ionships p r o p o s e d b y Jesse 

Nei l son ' s w o r k . A p e e r - r e v i e w e d p u b l i c a t i o n o n the subject is b e i n g c o m p o s e d . 

Benefits to the State: 
T h e results of th is s t u d y s h o u l d be benef ic ia l to the State of U t a h , speci f ical ly the Off ice of Water 

Rights , as w e l l as i r r i g a t i o n companies t h r o u g h o u t the state, w h i c h also deals w i t h w a t e r cus tody transfer 
issues. A better u n d e r s t a n d i n g of s u b m e r g e d ogee crest w e i r s w i l l a l l o w for m o r e accurate f l o w discharge 
ca lcu la t ion w h e n s u c h a c o n d i t i o n exits. 

• 
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The Effects of Pipe Aging on Head Loss 

Principal Investigators): 
Steven L. Barfuss 
William J. Rahmeyer 
Ryan Christensen 

Project Description: 
Managers of c i ty w a t e r systems have a keen interest i n the effects of p i p e a g i n g o n head loss. The 

h y d r a u l i c roughness o f t e n increases i n o l d e r pipes tha t have become c o r r o d e d or i n w h i c h deposits have 
f o r m e d o n the i n t e r i o r w a l l of the p i p e (see F igure 1). This project w i l l p e r f o r m l a b o r a t o r y tests o n aged 
p i p e t o d e t e r m i n e h y d r a u l i c roughness characteristics. The data t h a t w i l l be col lected w i l l be examined 
f o r t rends tha t can be used to p r e d i c t h y d r a u l i c roughness . 

Accomplishments: 
This research has d e t e r m i n e d t h a t there is a s m o o t h t r e n d i n the data w h e n r e l a t i n g the ra t io of the 

effective d iameter of the p i p e (d) to the d iameter of the p i p e i n its n e w c o n d i t i o n (D) w i t h the f r i c t i o n 
factor f of the p i p e (see F i g u r e 2). Smal l d is f o u n d b y m e a s u r i n g w a t e r v o l u m e s i n the p i p e and back-
ca lcula t ing the diameter . Seven d i f f e r e n t aged pipes , represent ing f o u r n e w pipes have been tested. 

A d d i t i o n a l l y , as i n d i c a t e d i n F igure 3, the head loss w a s f o u n d to be b e t w e e n 2.5 a n d 25 t imes larger 
i n the aged pipes tha t w e r e tested, t h a n i n the i r c o m p a n i o n n e w pipes . This d i f f e r s cons iderably f r o m the 
p r e d i c t e d values presented i n several p u b l i s h e d references, w h i c h indicate t h a t 15 t o 70% increases i n 
p i p e head loss can be expected w h e n a p i p e ages. A s i l l u s t r a t e d i n F i g u r e 3, th i s s t u d y indicates head 
loss increases exceeding 2000 percent . 

Work Plan FY 07/FY 08: 
C i t y managers i n U t a h have been contacted to request tha t o l d p i p e tha t is p u l l e d o u t of the g r o u n d 

be set aside for possible l a b o r a t o r y tests. I n the laboratory , the " p u l l e d " p ipes are f r ic t ion- tes ted to 
d e t e r m i n e the i r roughness coefficients. A n a t t e m p t is also m a d e to q u a n t i f y the roughness densi ty and 
roughness h e i g h t a n d relate these measurements to the e x p e r i m e n t a l roughness v a l u e d e t e r m i n e d i n the 
l a b o r a t o r y . The data are t h e n a n a l y z e d to deve lop t rends for p r e d i c t i v e purposes . 

Benefits to the State: 
A s w a t e r s u p p l y pipes age after i n s t a l l a t i o n , they can d e v e l o p corros ion or deposits tha t increase 

f r i c t i o n loss, degrade sys tem per formance , and increase o p e r a t i o n costs. U n t i l n o w , the m a g n i t u d e of p i p e 
head loss d u e to p i p e a g i n g has been u n k n o w n due to lack of e x p e r i m e n t a l data . W h e n p i p e roughness 
increases, p u m p i n g costs go u p , avai lable pressures go d o w n , a n d the a b i l i t y of the c i ty to a d d connections 
is l i m i t e d . U n d e r s t a n d i n g the effect of p i p e a g i n g o n p i p e roughness w i l l great ly h e l p State of U t a h 
m u n i c i p a l w a t e r systems d o a better job of p l a n n i n g a n d m a n a g e m e n t for w a t e r sys tem des ign a n d 
operat ions . 
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Figure 1 : P h o t o g r a p h of the 4 - i n cast i r o n p i p e tested d u r i n g th is s t u d y 
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Microbial Reduction of Structural Iron in Aquifer Solids: Role of Iron 
Reducing Microbial Community, Production of Electron Shuttles and 
Iron Mineralogy 

Principal Investigators): 
Joan E. McLean 
Darwin L. Sorensen 
R. Ryan Dupont 
Jeanette M. Norton 
Heather Mickelson 
Y. Q. Xu 

Project Description: 
This project i d e n t i f i e d a n d q u a n t i f i e d Fe(III) r e d u c i n g bacteria present i n carbon-enr iched 

microcosms o f sediments a n d g r o u n d w a t e r f r o m H i l l A i r Force Base ( H A F B ) . W e h y p o t h e s i z e d tha t the 
a d d i t i o n o f acetate or glucose as the c a r b o n d o n o r w i l l p r o v i d e a b i o c h e m i c a l l y active system that 
p r o m o t e s a c o m m u n i t y of bacteria t h a t f u n c t i o n to s u p p o r t Fe r e d u c i n g bacteria, i n c l u d i n g the 
p r o d u c t i o n o f e lectron shut t le c o m p o u n d s . Differences i n enr iched m i c r o b i a l c o m m u n i t i e s w i l l resul t i n 
d i f f e r e n t i a l u t i l i z a t i o n of Fe(II I ) m i n e r a l phases a n d thus the rate a n d extent of b iogenic Fe(II) p r o d u c e d . 
The o v e r a l l goal of th i s pro jec t w a s to better u n d e r s t a n d the bacter ia l a n d geochemical interact ions tha t 
in f luence the f l o w o f energy w i t h i n a carbon a m e n d e d system; i n f o r m a t i o n needed to p r e d i c t w h e t h e r Fe 
r e d u c t i o n w i l l d o m i n a t e the sys tem b l o c k i n g r e d u c t i v e d e c h l o r i n a t i o n of c h l o r i n a t e d solvents. 

Accomplishments: 
I n the O A sediment , glucose a d d i t i o n l e d to the p r o d u c t i o n o f 1500 m g Fe( I I )/kg , or 24% of the to ta l 

Fe b e i n g r e d u c e d to Fe(II) . W i t h f e r m e n t a t i o n of glucose, some of the metabol i tes appear to be electron 
s h u t t l i n g chemicals a n d chela t ing agents t h a t faci l i tate the r e d u c t i v e d i s s o l u t i o n of even crystal l ine Fe(III) 
oxides . The h i g h b iogenic Fe(II) p r o d u c t i o n , a i d e d b y electron shut t le u t i l i z a t i o n , corresponded w i t h a 23 
t imes increase i n the p o p u l a t i o n o f Rhodoferax spp . w i t h the a d d i t i o n of glucose c o m p a r e d w i t h the no 
c a r b o n c o n t r o l . Rhodoferax has been s h o w n to d i r e c t l y use glucose a n d acetate as the electron donor , 
whereas Geobacter o n l y u t i l i zes acetate. This selective u t i l i z a t i o n o f carbon source w a s e v i d e n t w i t h the 
a d d i t i o n o f glucose a n d acetate t o the microcosms, w h i c h resu l ted i n a f o u r - t i m e s increase i n Geobacter 
p o p u l a t i o n w i t h acetate a d d i t i o n a n d no response w i t h glucose a d d i t i o n . Rhodoferax p o p u l a t i o n s o n l y 
s h o w e d the response to glucose a d d i t i o n . 

B iogenic Fe(II) p r o d u c t i o n w a s o n l y 300 m g Fe( I I )/kg w h e n Fe(III) r e d u c t i o n w a s l i m i t e d to Geobacter 
a n d mechanisms of d i rec t contact, since acetate u t i l i z a t i o n w o u l d n o t faci l i tate e lectron shut t le 
p r o d u c t i o n . W i t h the a d d i t i o n o f the e lectron shutt le , A Q D S , to the microcosms , there w a s a 58% a n d 
128% increase i n b iogenic Fe(II) p r o d u c t i o n c o m p a r e d w i t h glucose or acetate a d d i t i o n o n l y , i l l u s t r a t i n g 
the i m p o r t a n c e o f e lectron shutt les for accessing Fe(III) minera l s . The a d d i t i o n o f A Q D S to acetate 
m i c r o c o s m s s t i m u l a t e d a 25 t imes increase i n the Geobacter p o p u l a t i o n c o m p a r e d w i t h acetate o n l y . The 
a d d i t i o n of A Q D S to the glucose microcosms h a d no effect o n the Rhodoferax p o p u l a t i o n b u t d i d increase 
Geobacter b y 10 t imes over microcosms w i t h no A Q D S . 

T h e R A s e d i m e n t s h o w e d a s i m i l a r p a t t e r n o f biogenic Fe(II) p r o d u c t i o n dependence o n carbon 
d o n o r a n d the d e v e l o p m e n t o f specific D I R B p o p u l a t i o n s as observed for the O A sediment . The R A 
s e d i m e n t is n a t u r a l l y r e d u c e d , so m o s t of the i r o n i n th i s sed iment w a s as Fe(II) . The a d d i t i o n of glucose, 
h o w e v e r , l e d to the p r o d u c t i o n o f 500 m g / k g Fe(II) . Glucose w i t h a n d w i t h o u t A Q D S b i o s t i m u l a t e d 
Rhodoferax b u t n o t Geobacter. Th i s r e d u c e d sed iment h a d a large p o p u l a t i o n o f Rhodoferax i n the o r i g i n a l 
s e d i m e n t (3x105 copies/ uL, or 50%; of the eubacteria present i n the sediment ) c o m p a r e d w i t h no 
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detectable Geobacter. The a d d i t i o n of A Q D S to the acetate t rea tment led to a d o u b l i n g i n b iogenic i r o n 
a n d a 78 t imes increase i n Geobacter p o p u l a t i o n a n d a 32 t imes increase i n Rhodoferax c o m p a r e d to 
treatments w i t h o u t A Q D S . T h i s aga in i l lustrates the ro le of e lectron shutt les i n increas ing biogenic Fe(II) 
p r o d u c t i o n . 

O u r f i n d i n g s indica te tha t select ion of carbon d o n o r for b i o s t i m u l a t i o n f o r r e m e d i a t i o n of ch lor inated 
so lvent i m p a c t e d aquifers m a y grea t ly in f luence the extent of the r e d u c t i v e d i s s o l u t i o n of i r o n minera ls 
i n d irect c o m p e t i t i o n w i t h d e c h l o r i n a t i o n processes, a n d m a y resul t i n the s ign i f i cant release of Fe(II) to 
the s o l u t i o n phase, c o n t r i b u t i n g t o f u r t h e r c o n t a m i n a t i o n of the aqui fer . 

Work Plan FY 07/FY 08: 
M i c r o c o s m s c o n t a i n i n g sediments a n d g r o u n d w a t e r f r o m H A F B w e r e constructed a n d analyzed 

over t i m e to evaluate the u t i l i z a t i o n of i r o n minera ls b y nat ive soi l organisms . Sediments w i t h d i f ferent 
i r o n m i n e r a l o g y w e r e collected f r o m sites at H A F B c o n t a m i n a t e d w i t h T C E . One of the sediments 
collected was f r o m a n o x i d i z e d aqui fer ( O A ) a n d the other f r o m a r e d u c i n g aqui fer ( R A ) . Glucose and 
acetate w e r e used as carbon d o n o r s to s t i m u l a t e m i c r o b i a l a c t i v i t y . N o carbon a d d i t i o n was used as a 
c o n t r o l . These microcosms have been sacrif iced for analysis of b iogenic Fe(II) p r o d u c t i o n , changes i n Fe 
m i n e r a l o g y , a n d general w a t e r c h e m i s t r y parameters . The sediments w e r e also extracted for D N A , a n d 
the D N A was analyzed u s i n g p r i m e r s for Geobacter a n d Rhodoferax w i t h s t a n d a r d po lymerase cha in 
reac t ion (PCR) a n d q u a n t i t a t i v e PCR (q-PCR). Geobacter have been the m o s t c o m m o n l y recovered 
d i s s i m i l a t o r y i r o n r e d u c i n g bacteria (DIRB) f r o m sediments a n d subsurface e n v i r o n m e n t s . Sediments 
f r o m H A F B , h o w e v e r , are d o m i n a t e d b y Rhodoferax, a p o t e n t i a l l y i m p o r t a n t D I R B , b u t its role i n the 
e n v i r o n m e n t has n o t been descr ibed i n the l i t e ra ture . A n increase i n m i c r o b i a l p o p u l a t i o n was 
d e t e r m i n e d b y a s igni f i cant increase, over a f o u r t imes changes w i t h t r e a t m e n t c o m p a r e d w i t h the no 
carbon c o n t r o l or microcosms w i t h o u t A Q D S , i n gene c o p y concentra t ion as d e t e r m i n e d b y q-PCR. 

The objectives of the pro ject are: 

Object ive 1: I d e n t i f y a n d q u a n t i f y the Fe(III) r e d u c i n g bacteria, Geobacter a n d Rhodoferax, i n 
microcosms of sediments a n d g r o u n d w a t e r f r o m H i l l A i r Force Base ( H A B F ) w i t h glucose a n d acetate as 
the carbon d o n o r s w i t h a n d w i t h o u t the a d d i t i o n of a k n o w n e lectron s h u t t l i n g c o m p o u n d , 
anthraquinone-2 ,6 -d i su l fonate ( A Q D S ) . 

Object ive 2: Invest igate interact ions b e t w e e n the geochemis try of the sediments a n d the enr i chment 
o f Fe(III) r e d u c i n g bacter ia u n d e r b i o s t i m u l a t i o n w i t h glucose and acetate. 

Benefits to the State: 
M a n y m i l i t a r y a n d i n d u s t r i a l sites have g r o u n d w a t e r c o n t a m i n a t e d w i t h t r i c h l o r o e t h y l e n e (TCE) a n d 

other c h l o r i n a t e d solvents d u e to past d isposa l practices. On-si te r e m e d i a t i o n m e t h o d s are needed for 
clean u p of such sites as H i l l A i r Force Base ( H A F B ) , Tooele A r m y D e p o t , a n d D u g w a y P r o v i n g G r o u n d s . 
C h l o r i n a t e d solvents are also associated w i t h d r y c leaning, so there are c o n t a m i n a t e d sites t h r o u g h o u t 
U t a h . 

B i o s t i m u l a t i o n has been used at v a r i o u s contaminated sites to p r o m o t e the r e d u c t i v e d e c h l o r i n a t i o n of 
T C E ; b u t the a d d i t i o n of c a r b o n d o n o r also s t imulates bacteria that use Fe(III) as the t e r m i n a l e lectron 
acceptor (TEA) i n p o t e n t i a l c o m p e t i t i o n w i t h d e c h l o r i n a t i o n processes. O u r f i n d i n g s indicate tha t selection 
o f a carbon d o n o r for b i o s t i m u l a t i o n f o r r e m e d i a t i o n of ch lor ina ted so lvent i m p a c t e d aquifers m a y great ly 
in f luence the extent o f the r e d u c t i v e d i s s o l u t i o n of i r o n minera l s i n d i rec t c o m p e t i t i o n w i t h d e c h l o r i n a t i o n 
processes, a n d m a y resul t i n the s ign i f i cant release of Fe(II) to the s o l u t i o n phase, c o n t r i b u t i n g to f u r t h e r 
c o n t a m i n a t i o n o f the aqui fer . O u r i m p r o v e d u n d e r s t a n d i n g of the interact ions a m o n g carbon d o n o r 
a d d i t i o n , m i c r o b i a l p o p u l a t i o n s t i m u l a t i o n , Fe(III) m i n e r a l o g y a n d the b i o g e o c h e m i s t r y that influences the 
d e c h l o r i n a t i o n of solvents w i l l a i d i n the d e v e l o p m e n t of m e t h o d s for e v a l u a t i n g sites a n d selection of 
b i o r e m e d i a t i o n o p t i o n s f o r the successful r e c l a m a t i o n of c o n t a m i n a t e d g r o u n d w a t e r s . 
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Release of Arsenic from Aquifer Solids in Northern Utah Under 
Anaerobic Conditions: Exploring Relationships with Iron Mineral 
Reduction 

Principal Investigators): 
Joan E. McLean 
Darwin L. Sorensen 
R. Ryan Dupont 
Jeanette M. Norton 
Yanna Liang 

Project Description: 
T h e project has the f o l l o w i n g objectives: 

Object ive 1: D e t e r m i n e the association of arsenic w i t h Fe(III) m i n e r a l s i n aqui fer sol ids collected 
f r o m H i l l A F B a n d other locat ions i n N o r t h e r n U t a h a n d d e t e r m i n e h o w this association affects the 
r e l a t i o n s h i p b e t w e e n Fe a n d A s b i o g e o c h e m i s t r y u n d e r b i o s t i m u l a t i o n . 

Object ive 2: Invest igate the roles of i r o n r e d u c i n g bacter ia a n d arsenic r e d u c i n g bacter ia as 
i n f l u e n c e d b y geochemical processes. 

Accomplishments: 
A n a e r o b i c microcosms c o n t a i n i n g sediments a n d g r o u n d w a t e r f r o m H i l l A i r Force Base ( H A F B ) 

w e r e constructed a n d a n a l y z e d over t i m e t o evaluate the u t i l i z a t i o n of i r o n m i n e r a l s a n d the release of 
arsenic b y nat ive soi l o rganisms . P r e l i m i n a r y studies s h o w e d tha t the a d d i t i o n o f v a r i o u s carbon donors 
l e d to the release of arsenic i n concentrat ions tha t exceeded the d r i n k i n g w a t e r l i m i t . The release of A s to 
s o l u t i o n w a s i n d e p e n d e n t of the r e d u c t i v e d i s s o l u t i o n o f Fe(III) m i n e r a l s , c o n t r a r y to the m a j o r i t y of 
other studies r e p o r t e d i n the l i t e ra ture , w h i c h have s h o w n A s is s o l u b i l i z e d as Fe(III) oxides dissolve 
u n d e r r e d u c i n g c o n d i t i o n s . T h e A s d i s s o l u t i o n observed d u r i n g this s t u d y appears t o have been the 
resul t of the d i rec t use of A s as a n electron acceptor b y d i s s i m i l a t o r y arsenic r e d u c i n g bacteria. O u r 
f i n d i n g s indicate tha t select ion of carbon d o n o r for b i o s t i m u l a t i o n for r e m e d i a t i o n of ch lor ina ted solvent 
i m p a c t e d aquifers m a y great ly in f luence the extent of the r e d u c t i v e d i s s o l u t i o n of i r o n minera ls i n direct 
c o m p e t i t i o n w i t h d e c h l o r i n a t i o n processes, b u t as i m p o r t a n t l y results i n the s ign i f i cant release of Fe(II) 
a n d arsenic to the s o l u t i o n phase, c o n t r i b u t i n g to f u r t h e r c o n t a m i n a t i o n o f the aqui fer . 

Work Plan FY07/FY08: 
A q u i f e r sediments have been collected f r o m v a r i o u s sites at H i l l A i r Force Base. The arsenic a n d 

i r o n m i n e r a l o g y w a s character ized u s i n g chemical extrac t ion m e t h o d s a n d geochemical m o d e l i n g . Smal l 
c o l u m n s w i l l be packed w i t h the aqui fer sol ids a n d g r o u n d w a t e r f r o m the sites w i l l be p u m p e d t h r o u g h 
t h e c o l u m n s at rates s i m i l a r to g r o u n d w a t e r f l o w . Batch microcosms w i l l also be used. Glucose a n d 
acetate w i l l be used as the c a r b o n d o n o r s . E f f l u e n t samples w i l l be collected over t i m e and w i l l be 
a n a l y z e d for w a t e r q u a l i t y parameters , Fe(II) , Fe(III ) , A s ( I I I ) , a n d A s ( V ) . Replicate microcosms/co lumns 
w i l l b e sacrificed at v a r i o u s t i m e intervals , a n d the sol id phase w i l l be extracted to i d e n t i f y changes i n Fe 
a n d A s m i n e r a l o g y . W e w i l l also i d e n t i f y the presence of select i r o n r e d u c i n g bacteria a n d arsenic 
r e d u c i n g bacteria u s i n g r e a l - t i m e PCR. 
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Benefits to the State: 
U n d e r aerobic c o n d i t i o n s , i r o n oxides are the major s ink for r e t e n t i o n of toxic trace elements, such as 

arsenic. A s subsurface e n v i r o n m e n t s are deple ted of oxygen, i r o n oxides are s o l u b i l i z e d , releasing arsenic 
a n d other toxic trace elements t o s o l u t i o n . Subsurface e n v i r o n m e n t s m a y n a t u r a l l y u n d e r g o r e d u c i n g 
condi t ions as o x y g e n is d e p l e t e d . The major impact , h o w e v e r , is forced r e d u c i n g c o n d i t i o n s i n engineered 
systems. O n e example is w h e n b i o s t i m u l a t i o n is used at c o n t a m i n a t e d sites, such as H i l l A i r Force Base 
( H A F B ) , U t a h , to p r o m o t e the d e g r a d a t i o n of toxic, ch lor ina ted solvents i n c l u d i n g t r i ch loroe thylene (TCE); 
b u t the a d d i t i o n of c a r b o n a n d an energy d o n o r also s t imulates bacteria t h a t use Fe(III) as the t e r m i n a l 
e lectron acceptor, d i s s o l v i n g the i r o n s o l i d phase and releasing the associated arsenic. On-site r e m e d i a t i o n 
m e t h o d s are needed for c lean u p of such sites as H i l l A i r Force Base, the Tooele A r m y Depot , and D u g w a y 
P r o v i n g G r o u n d s . C h l o r i n a t e d solvents are also associated w i t h d r y c leaning, so there are contaminated 
sites t h r o u g h o u t U t a h . B i o l o g i c a l m e t h o d s for r e m e d i a t i o n of s u c h sites m a y , h o w e v e r , lead to fur ther 
g r o u n d w a t e r c o n t a m i n a t i o n f r o m arsenic. 

A n o t h e r example is i n m u n i c i p a l l a n d f i l l s , w h e r e b i o d e g r a d a t i o n of organic m a t e r i a l i n the waste 
causes o x y g e n d e p l e t i o n l e a d i n g to release of arsenic f r o m the nat ive geologic m a t e r i a l . The presence of 
trace toxic elements, such as arsenic, is c o m m o n i n the geology of U t a h . This is of concern at l a n d f i l l s 
across U t a h , i n c l u d i n g the l a n d f i l l f o r the C i t y of L o g a n , b u t the process has n o t been invest igated 
extensively . 
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Remediation of TCE-Contaminated Soil and Groundwater at Hill Air 
Force Base (HAFB), Utah 

Principal Investigators): 
R. Ryan Dupont 
Joan E. McLean 
Darwin L. Sorensen 
Jing Zhu 

Project Description: 
T h e objective of th is s t u d y is to m o v e f r o m the labora tory m i c r o c o s m scale to large-scale f l o w 

t h r o u g h c o l u m n scale i n e v a l u a t i n g the effectiveness of b i o s t i m u l a t i o n versus b i o a u g m e n t a t i o n u n d e r 
s i m u l a t e d f i e l d c o n d i t i o n s . D e v e l o p i n g m o l e c u l a r b i o l o g y m o n i t o r i n g techniques f o r i d e n t i f y i n g 
p r i n c i p a l m i c r o b i a l c o m m u n i t y m e m b e r s i n the d e c h l o r i n a t i n g i n o c u l a a n d r e f i n i n g these m e t h o d s for 
q u a n t i f y i n g the v i a b i l i t y a n d m o b i l i t y of organisms i n the s i m u l a t e d f i e l d e n v i r o n m e n t w i l l also be 
accompl ished i n this phase of the project . F i n a l l y , the effectiveness of these m o l e c u l a r tools is b e i n g 
eva luated w i t h D N A samples col lected f r o m active r e m e d i a t i o n sites f r o m t h r o u g h o u t the state, a t D o D 
faci l i t ies a n d other sites of state r e g u l a t o r y interest. 

Accomplishments: 
These pilot-scale c o l u m n s h a d been l o a d e d a n d m a i n t a i n e d for a c u m u l a t i v e t i m e of 1180+ days b y 

the e n d of the r e p o r t i n g p e r i o d , d u r i n g w h i c h t i m e carbon d o n o r a d d i t i o n h a d been carr ied o u t for m o r e 
t h a n 2 years. S igni f i cant dif ferences i n T C E t r a n s f o r m a t i o n cont inue to be observed i n these c o l u m n s as 
i n d i c a t e d i n the f igures b e l o w , w i t h comple te T C E t r a n s f o r m a t i o n b e i n g p r o v i d e d i n the c o l u m n s 
a m e n d e d w i t h w h e y as the c a r b o n source (Figure 1), o n l y i n t e r m e d i a t e t r a n s f o r m a t i o n i n e m u l s i f i e d o i l 
a m e n d e d systems (Figures 2 a n d 3), a n d no t r a n s f o r m a t i o n i n no c a r b o n c o n t r o l c o l u m n s (Figure 4). 
These data also indica te t h a t w i t h a s ingle dose of e m u l s i f i e d o i l e q u i v a l e n t to 1,000 m g / L c o l u m n pore 
v o l u m e , T C E t r a n s f o r m a t i o n persists for a p p r o x i m a t e l y 200 days. S igni f icant methane a n d disso lved 
i r o n p r o d u c t i o n c o n t i n u e to be observed i n the w h e y a m e n d e d reactors i n d i c a t i n g t h a t h i g h l y r e d u c i n g 
c o n d i t i o n s are present i n these c o l u m n s a n d tha t i r o n m e t a b o l i s m w a s i m p o r t a n t i n these systems, 
s e r v i n g as a c o m p e t i t i v e process to comple te T C E d e g r a d a t i o n . L i t t l e m e t h a n e is generated i n the 
e m u l s i f i e d o i l t reatments , b u t i r o n m e t a b o l i s m is e v i d e n t i n t h e m i n d i c a t i n g tha t these systems w e r e o n l y 
p a r t i a l l y r e d u c e d i n response to this carbon a m e n d m e n t . The d e p l e t i o n o f the e m u l s i f i e d carbon 
a m e n d m e n t e v i d e n t b y a p p r o x i m a t e l y 200 days after its a p p l i c a t i o n w a s n o t observed u n d e r batch 
reactor c o n d i t i o n s i n p r e v i o u s studies , i n d i c a t i n g a s ign i f i cant ly d i f f e r e n t T C E m e t a b o l i s m i n f l o w -
t h r o u g h c o l u m n s t h a n i n s m a l l static microcosms . C o m p l e t e T C E t r a n s f o r m a t i o n t h r o u g h v i n y l ch lor ide 
a n d ethene has n o t been observed i n any of the co lumns , h o w e v e r , despite adequate carbon d o n o r a n d 
c o n d i t i o n s t h o u g h t to be s u p p o r t i v e of complete T C E d e g r a d a t i o n for m o r e t h a n 200 days of cont inuous 
t rea tment . C o m p l e t e m i c r o b i a l a n d geochemical analysis of the c o l u m n s , w i t h p a r t i c u l a r emphasis o n 
t h e spat ia l d i s t r i b u t i o n of m i c r o b i a l c o m m u n i t y members a n d i r o n re la ted m i n e r a l species as a f u n c t i o n 
o f d o n o r t y p e , are u n d e r w a y to d e v e l o p a m o r e complete u n d e r s t a n d i n g of the ro le c a r b o n source plays 
i n s t i m u l a t i n g the v e r y d i f f e r e n t T C E t r a n s f o r m a t i o n patterns (Figures 1 t h r o u g h 4) observed i n these 
c o l u m n s . These analyses w i l l also serve as b a c k g r o u n d samples for c o m p a r i s o n w i t h p e r t u r b a t e d 
systems to w h i c h d e c h l o r i n a t i n g cul tures are a d d e d d u r i n g FY06. 

Studies w i l l be i n i t i a t e d i n FY06 tha t w i l l f i r s t r e a p p l y e m u l s i f i e d o i l to the c o l u m n s to evaluate the 
r e p e a t a b i l i t y of m i c r o b i a l m e t a b o l i s m observed at th is large c o l u m n scale. Once T C E t r a n s f o r m a t i o n has 
reestablished, a n a l i q u o t of a k n o w n T C E d e c h l o r i n a t i n g c u l t u r e w i l l be a d d e d to one of the dupl i ca te 
c o l u m n s for each t reatment , a n d the change i n T C E t r a n s f o r m a t i o n rate a n d extent w i l l be t racked over 
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t i m e . Affects of carbon d o n o r t y p e o n the rate a n d extent of T C E t r a n s f o r m a t i o n b y this cu l ture i n these 
f l o w t h r o u g h c o l u m n s w i l l be q u a n t i t a t i v e l y assessed, a n d the use of m o l e c u l a r b i o l o g y tools for the 
analysis of the v i a b i l i t y a n d m o b i l i t y of the a d d e d organisms w i l l be tested at th is p i l o t scale. This latter 
w o r k is the subject of a d d i t i o n a l M i n e r a l Lease F u n d projects sponsored at the U t a h W a t e r Research 
L a b o r a t o r y . 

Work Plan FY07/FY08: 
I n th is phase of the project , large-scale, flow-through soi l c o l u m n s (6 i n d iameter , 7 f t h i g h ) have 

been packed w i t h aqui fer m a t e r i a l f r o m O U 5 i n a n area of ex i s t ing TCE g r o u n d w a t e r c o n t a m i n a t i o n . 
These c o l u m n s have been l o a d e d w i t h O U 5 g r o u n d w a t e r to w h i c h a T C E s o l u t i o n has been a d d e d to 
generate g r o u n d w a t e r T C E concentrat ions comparable to those f o u n d u n d e r f i e l d condi t ions . The 
i n f l u e n t a n d e f f luent of the c o l u m n s has been p e r i o d i c a l l y s a m p l e d a n d a n a l y z e d for T C E a n d its 
d e g r a d a t i o n p r o d u c t s , as w e l l as general w a t e r q u a l i t y parameters to establ ish i n i t i a l , b a c k g r o u n d 
c o n d i t i o n s f r o m w h i c h compar i sons of b i o s t i m u l a t i o n a n d b i o a u g m e n t a t i o n r e m e d i a t i o n processes can 
be m a d e . O p t i m a l c a r b o n d o n o r s i d e n t i f i e d i n the small-scale m i c r o c o s m studies have been a d d e d to 
subsets of the c o l u m n s to d o c u m e n t enhancements to T C E d e c h l o r i n a t i o n tha t they p r o v i d e , a n d to 
establish p r e t r e a t m e n t c o n d i t i o n s f o r the next phase of the s t u d y w h i c h is the pilot-scale a p p l i c a t i o n of 
the d e c h l o r i n a t i n g c u l t u r e to the flow-through c o l u m n s . I n c o n j u n c t i o n w i t h the c o l u m n studies is the 
d e v e l o p m e n t a n d a p p l i c a t i o n of m o l e c u l a r b i o l o g y tools (molecular probes for k e y o r g a n i s m D N A 
detec t ion a n d m o n i t o r i n g ) to evaluate the v i a b i l i t y a n d m o b i l i t y of a d d e d c u l t u r e organisms w i t h i n the 
s i m u l a t e d f i e l d flow-through sys tem. T C E d e g r a d a t i o n kinet ics , i n t e r m e d i a t e p r o d u c t f o r m a t i o n , 
m i c r o b i a l i n o c u l a s u r v i v a l a n d m i g r a t i o n f r o m the in jec t ion p o i n t , a n d the o v e r a l l i m p a c t of carbon a n d 
i n o c u l a a d d i t i o n to the s i m u l a t e d aqui fer system are b e i n g evaluated i n these c o l u m n s to a id i n the 
d e s i g n a n d p l a n n i n g of b i o a u g m e n t a t i o n at a f i e l d scale at H i l l . Studies e v a l u a t i n g the p r o d u c t i o n of 
in termedia tes f r o m the d e g r a d a t i o n of surfactants used for source area t r e a t m e n t at O U 2 f o l l o w i n g b o t h 
m i c r o b i a l inocula a d d i t i o n a n d subsequent o x y g e n a t i o n of treated g r o u n d w a t e r , a n d the test ing of these 
m o l e c u l a r tools at a b i o s t i m u l a t i o n site at D u g w a y to correlate D N A results w i t h observed f i e l d 
p e r f o r m a n c e are also i n t e g r a l parts of th is U t a h W a t e r Research L a b e f for t . 

Benefits to the State: 
Soi l a n d g r o u n d w a t e r samples f r o m H i l l A F B , Operable U n i t s (OUs) 5 a n d 2 have been used i n 

l a b o r a t o r y m i c r o c o s m studies to evaluate the effectiveness of carbon d o n o r a n d m i c r o b i a l inocula a d d i t i o n 
i n s t i m u l a t i n g T C E r e m e d i a t i o n a n d r e m o v a l f r o m c o n t a m i n a t e d soi l a n d g r o u n d w a t e r . Soil f r o m O U 5 is 
b e i n g used i n large-scale flow-through c o l u m n s to evaluate T C E d e g r a d a t i o n rates i n p r e p a r a t i o n for f u l l -
scale d e m o n s t r a t i o n at the H i l l site. Results have i n d i c a t e d the need for b i o a u g m e n a t i o n at O U 5 , and have 
d e m o n s t r a t e d the need for a d d i t i o n a l controls at O U 2 to p r e v e n t undes i rab le d e g r a d a t i o n p r o d u c t s f r o m 
b e i n g p r o d u c e d a n d released f r o m the site. These f i n d i n g s have p r o v i d e d site specific r e m e d i a t i o n des ign 
i n f o r m a t i o n that has been used to f ina l ize r e m e d i a t i o n approaches at O U 5 a n d has p r e v e n t e d H i l l f r o m 
m a k i n g large scale e x p e n d i t u r e s i n f i e l d studies that have been s h o w n at the lab-scale to be ineffect ive. 

C o n t i n u a t i o n of these so i l a n d g r o u n d w a t e r studies i n t o the c o l u m n flow-through scale p r o v i d e s 
specific d e s i g n i n f o r m a t i o n for i m p l e m e n t a t i o n of b i o a u g m e n t a t i o n at the source area at O U 5 so that T C E 
c o n t a m i n a t i o n exposure a n d r i s k to adjacent p r o p e r t y o w n e r s can be r e d u c e d over t i m e i n a cost effective 
m a n n e r . V e r i f i c a t i o n of m o l e c u l a r b i o l o g y tools i n the m o n i t o r i n g of a d d e d m i c r o o r g a n i s m s that 
e f fec t ive ly degrade T C E is b e i n g c o m p l e t e d i n th is s t u d y , p r o v i d i n g H i l l A F B , a n d the U t a h D e p a r t m e n t of 
E n v i r o n m e n t a l Q u a l i t y ( D E Q ) w i t h cost effective techniques to m o n i t o r the m o v e m e n t a n d v i a b i l i t y of 
a d d e d microbes to ensure tha t adequate c o n t r o l of this c u l t u r e is p r o v i d e d d u r i n g site r e m e d i a t i o n . I n 
a d d i t i o n , t rea tment a n d d e s i g n data for the c o n t r o l a n d p r o d u c t i o n of d e g r a d a t i o n p r o d u c t s at O U 2 are 
b e i n g generated so tha t comple te site r e m e d i a t i o n can be ensured. I n f o r m a t i o n generated i n this s t u d y 
w i l l l ead to the eventual cost effect ive recovery of the i m p a c t e d w a t e r resource at these t w o H i l l sites. 
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Figure 1 . T C E a n d d e g r a d a t i o n p r o d u c t (cis-DCE) concentrat ions f o l l o w i n g W h e y a d d i t i o n to p i l o t -
scale f l o w - t h r o u g h c o l u m n s c o n t a i n i n g O U 5 soi l a n d f e d T C E saturated O U 5 g r o u n d w a t e r . 

W h e y concentra t ion = 1,000 m g / L c o n t i n u o u s s u p p l y b e g i n n i n g D a y 450. 

Column 4 & 6 - Emulsified Oil (original) 

Column 4 TCE 

Column 4 cis-DCE 

Column 6 TCE 

Column 6 cis-DCE 

650 750 850 950 

Cumulative Operating Days 

Figure 2. T C E a n d d e g r a d a t i o n p r o d u c t (cis-DCE) concentrat ions f o l l o w i n g E m u l s i f i e d O i l , T y p e I 
a d d i t i o n to pi lot-scale f l o w - t h r o u g h c o l u m n s c o n t a i n i n g O U 5 soi l a n d f e d T C E saturated O U 5 

g r o u n d w a t e r . O i l concentra t ion = 1,000 m g / k g soi l i n a s ingle dose o n D a y 450. 
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Figure 3. T C E a n d d e g r a d a t i o n p r o d u c t (cis-DCE) concentrat ions f o l l o w i n g E m u l s i f i e d O i l , T y p e I I 
a d d i t i o n to pi lot-scale f l o w - t h r o u g h c o l u m n s c o n t a i n i n g O U 5 soi l a n d f e d T C E saturated O U 5 

g r o u n d w a t e r . O i l concentra t ion = 1,000 m g / k g soi l i n a s ingle dose o n D a y 450. 
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Figure 4. T C E a n d d e g r a d a t i o n p r o d u c t (cis-DCE) concentrat ions i n n o carbon a d d i t i o n , pi lot-scale 
f l o w - t h r o u g h c o l u m n s c o n t a i n i n g O U 5 soi l a n d f e d T C E saturated O U 5 g r o u n d w a t e r . These 

c o l u m n s represent u n f e d C o n t r o l Reactors. 
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Adapting Conventional Computer Tools To Analyze Orographic Effect 

Principal Investigators): 
William J. Grenney 
Sanup Bhulawala 

Project Description: 
I n f o r m a t i o n g a i n e d d u r i n g the s ta te -wide r o a d w a y c u l v e r t s u r v e y i n d i c a t e d tha t there m a y be 

s igni f i cant differences i n the data used for es t imat ing des ign f l o w s for dra inage structures based o n 
o r o g r a p h i c effects. 

Because of the great l a n d area i n U t a h a n d the scarcity of data m o n i t o r i n g sites, there is s e l d o m 
suf f i c ient r i v e r f l o w data or p r e c i p i t a t i o n data avai lable to d i r e c t l y estimate p e a k f l o w s for the des ign of 
dra inage s tructures . I t is a l m o s t a l w a y s necessary for a des ign agency to extrapolate data f r o m one 
w a t e r s h e d to another u s i n g c o n v e n t i o n a l engineer ing techniques. The techniques b e i n g used d o n o t 
account for the effects of p r e d o m i n a t e w i n d d i r e c t i o n over m o u n t a i n r idges . H o w e v e r , as a result of 
d o i n g site specific analyses, engineers have n o t i c e d w h a t they bel ieve to be s igni f i cant effects. 

T h e p u r p o s e of th i s research is to i d e n t i f y p r e c i p i t a t i o n stations i n f o u r strategic geographica l regions 
i n U t a h , to gather data f r o m the m o s t c u r r e n t sources, to stat ist ical ly analyze for o r o g r a p h i c effects, and 
t o d e v e l o p a c o m p u t e r p r o g r a m to p r o v i d e users w i t h a h a n d y t o o l to calculate a d j u s t m e n t factors. 

Accomplishments: 
R a w data w e r e col lected a n d a n a l y z e d d u r i n g the p r e v i o u s phase of the project , a n d a stand-alone 

c o m p u t e r p r o g r a m w a s d e v e l o p e d to i m p l e m e n t the f i n d i n g s . D u r i n g th is s t u d y i t w a s f o u n d that 
a d d i t i o n a l c o m p l e x statist ical func t ions c o u l d be used to f u r t h e r ref ine the results . I t w a s j u d g e d m o r e 
ef f ic ient to a d a p t ex is t ing c o n v e n t i o n a l c o m p u t e r tools for the analysis t h a n to f u r t h e r m o d i f y the s tand­
alone c o m p u t e r p r o g r a m . 

T h e " V i s u a l Basic For A p p l i c a t i o n s " c o m p u t e r p r o g r a m m i n g language w a s used i n c o n j u n c t i o n w i t h 
Excel w o r k b o o k b u i l t - i n f u n c t i o n s to extend the analysis. 

Work Plan FY07/FY08: 
The results conta ined a great deal of randomness . H o w e v e r , s ign i f i cant differences that w e r e 

p r e v i o u s l y f o u n d at the 90% a n d 95% confidence leve l for certa in classes of p r e c i p i t a t i o n u s i n g the s tand­
alone m o d e l , w e r e es t imated to be s l i g h t l y m o r e s igni f i cant u s i n g the enhanced V B A / E x c e l vers ion . The 
greatest differences occurred i n N o r t h Eastern U t a h . A graphica l representa t ion is s h o w n i n F igure 1 . 

Th is i m p l e m e n t a t i o n a p p r o a c h is p r e l i m i n a r y a n d f u r t h e r r e f i n e m e n t is p r o p o s e d for the next phase. 

Benefits to the State: 
There are major economic a n d l i a b i l i t y reasons for a p p l y i n g the best avai lable t echnology to estimate 

p e a k f l o w s so tha t dra inage s tructures can be p r o p e r l y des igned. This research p r o v i d e s i m p r o v e d 
m e t h o d s for e s t i m a t i n g peak f l o w s w h i c h are essential for the safe a n d economica l d e s i g n of dra inage 
s tructures . 
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Forecasts to Improve Water Demand Prediction in Irrigation Systems 

Principal Investigators): 
Luis A. Bastidas 
Enrique Rosero 
Yasir Kaheil 

Project Description: 
The project a t tempts to m a k e use of the N O A A - i s s u e d p r e c i p i t a t i o n forecast to estimate actual 

requi rements of i r r i g a t i o n w a t e r f r o m crops v i a i n c o r p o r a t i n g th i s a n d other sources of i n f o r m a t i o n , such 
as farmers ' d e m a n d s a n d t r a c k i n g of so i l m o i s t u r e , i n t o a n ar t i f i c ia l intel l igence-based system. The 
system w i l l i n c o r p o r a t e data a s s i m i l a t i o n techniques i n order to i m p r o v e the s h o r t - t e r m forecasts. The 
lead t i m e of the sys tem w i l l be i n the o r d e r of u p to f ive or six days. 

The w o r k inc ludes the c o m p i l a t i o n of q u a n t i t a t i v e p r e c i p i t a t i o n forecasts f r o m N O A A for the 
g r o w i n g season of the years 2004 a n d 2005 (the year 2006 is also considered) as w e l l as c o m p i l a t i o n of 
data f r o m the N A S A L a n d I n f o r m a t i o n System to keep t rack of the soi l m o i s t u r e content . D a t a f r o m the 
Sevier River Basin i r r i g a t i o n sys tem w i l l also be c o m p i l e d , w i t h p a r t i c u l a r a t t e n t i o n to the user water 
requests. 

The p r e d i c t i o n sys tem w i l l be based o n the use of relevance a n d s u p p o r t vector machines a n d w i l l be 
r u n i n a h indcast s i m u l a t i o n m o d e to a l l o w for test ing a n d e v a l u a t i o n . The lead t i m e w i l l be consistent 
w i t h the N O A A issued forecasts, i.e., u p to 12 days i n advance. 

A system f o r d o w n s c a l i n g of the i n f o r m a t i o n w i l l also be r e q u i r e d . For tha t p u r p o s e the N O A A 
forecast a n d observat iona l fields of 1 2 - k m w i l l be d o w n s c a l e d to scales of 250-m u s i n g the LIS 
i n f o r m a t i o n of 1 - k m r e s o l u t i o n together w i t h local stations t h a t w i l l p r o v i d e p o i n t i n f o r m a t i o n . The same 
a r t i f i c i a l inte l l igence a n d statist ical l e a r n i n g techniques m e n t i o n e d above w i l l be used for this a n d w i l l be 
p a r t of the o v e r a l l sys tem. 

Accomplishments: 
T h e project is o n g o i n g . Forecast series for the g r o w i n g seasons of the years 2004, 2005, a n d 2006 have 

been c o m p i l e d a n d s tored i n the U t a h W a t e r Research L a b o r a t o r y servers. A p r e l i m i n a r y procedure for 
so i l m o i s t u r e d o w n s c a l i n g has been d e v e l o p e d a n d is c u r r e n t l y b e i n g tested w i t h i n f o r m a t i o n f r o m the 
N A S A L a n d I n f o r m a t i o n System at 1 - k m r e s o l u t i o n over the B o n v i l l e A m e r i f l u x site i n I l l i n o i s u s i n g soi l 
m o i s t u r e a n d latent heat i n f o r m a t i o n . 

Work Plan FY 07/FYOB: 
W e p l a n to transfer the d o w n s c a l i n g procedures to e v a p o t r a n s p i r a t i o n fields. The e v a l u a t i o n 

procedures w i l l be d o n e a p p l y i n g the s i m i l a r i t y techniques d e v e l o p e d i n other projects. 
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Benefits to the State: 
U t a h , b e i n g a s e m i a r i d / a r i d l a n d , has ex t remely h i g h interest i n the care fu l m a n a g e m e n t of its w a t e r 

resources. I t is w e l l k n o w n t h a t even a s m a l l i m p r o v e m e n t i n the capabil i t ies f o r d e m a n d p r e d i c t i o n o f as 
l i t t l e as 10-20% w i l l have s i gn i f i cant effects o n the o v e r a l l m a n a g e m e n t of the scarce w a t e r resource. 
F u r t h e r m o r e , a sys tem that can i m p r o v e the d e m a n d forecast w i t h a lead t i m e o f 3-5 days is d e f i n i t e l y 
i m p o r t a n t for the m a n a g e m e n t of reservoirs a n d canals, a n d w i l l h e l p w a t e r managers m a k e m o r e 
i n f o r m e d decisions a b o u t the releases f r o m those system components . 

• 
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Intercomparison of Land Surface Models in Semi-Arid Areas 

Principal Investigators): 
Luis A. Bastidas 
Bart Nijssen, University of Arizona 
Enrique Rosero 

Project Description: 
The Project for I n t e r c o m p a r i s o n of L a n d Surface Parameter iza t ion Schemes (PILPS) e x p e r i m e n t for 

s e m i - a r i d areas is a n i n i t i a t i v e w i t h i n the G E W E X / G L A S S (Global Energy W a t e r E x p e r i m e n t / G l o b a l 
L a n d A t m o s p h e r e System Studies) panel . The objective o f th is s t u d y is the c o m p a r i s o n o f mode ls that 
s i m u l a t e w a t e r , energy, a n d C 0 2 cycles w i t h c o n t i n u o u s observat ions at f ive d i f f e r e n t sites. 

The a v a i l a b i l i t y o f 4+ years o f data at t w o sites a n d data f r o m locat ions w i t h s i m i l a r vegeta t ion 
coverage b u t h u n d r e d s of k i l o m e t e r s apart p r o v i d e a n exc i t ing o p p o r t u n i t y for c ross -va l idat ion of the 
m o d e l results a n d f o r c o m p a r i s o n of d i f f e r e n t m o d e l s . The three d i f f e r e n t v e g e t a t i o n types exis t ing at the 
data sites also p r o v i d e a q u i c k l o o k at the d i v e r s i t y of e n v i r o n m e n t s i n a r i d lands a n d w i l l a l l o w 
establ ishment of w h e t h e r f u r t h e r d i s t i n c t i o n is r e q u i r e d to better represent the w a t e r , energy, a n d C 0 2 

exchanges t a k i n g place o v e r s u c h areas. 

I n p r e v i o u s PILPS studies [Let tenmaier et al . , 1996; Ni jssen et al . , 2003], i t was s h o w n that the m a n u a l 
c a l i b r a t i o n of m o d e l parameters y i e l d e d i m p r o v e m e n t i n m o d e l p e r f o r m a n c e . For this reason, w e 
p r o p o s e d to use a m u l t i - c r i t e r i a f r a m e w o r k a n d a set of o p t i m i z a t i o n codes f o r c a l i b r a t i o n of h y d r o -
meteoro log ica l m o d e l s t h a t has been d e v e l o p e d a n d successfully a p p l i e d to a v a r i e t y of l a n d surface 
m o d e l s [ G u p t a et al . , 1998,1999; Bastidas et al . , 1999, 2001, 2002; V r u g t et al . , 2003]. T h i s f r a m e w o r k is 
v e r y a p p r o p r i a t e f o r c o n s t r a i n i n g the parameter e s t i m a t i o n of l a n d surface m o d e l s to be consistent w i t h 
observat ions a n d w i l l a l l o w f o r a c o m p a r i s o n of " o p t i m a l " per formances of the m o d e l s . 

Some of the science quest ions addressed b y the PILPS San Pedro e x p e r i m e n t are: 

• W h a t is the a b i l i t y of the m o d e l s to r e p r o d u c e the water , energy, a n d carbon exchanges i n semi-
a r i d envi ronments? 

• A r e the c u r r e n t ( u s u a l l y single) representations of semi -ar id l ands i n the m o d e l s e n o u g h to 
r e p r o d u c e the d i f f e r e n t e n v i r o n m e n t s tha t exist i n those areas? 

• Does m o d e l c a l i b r a t i o n reduce the a m o n g - m o d e l range i n the m o d e l s imulat ions? 

• H o w m u c h inf luence does the m o d e l p a r a m e t e r i z a t i o n have o n the parameter est imations of 
" p h y s i c a l l y m e a n i n g f u l " parameters? 

• D o c u r r e n t carbon representat ions, d e v e l o p e d for forests, p r o p e r l y r e p r o d u c e carbon exchanges 
over vegetated a r i d lands? 

T h e p r o p o s e d e x p e r i m e n t has u n i q u e characteristics. PILPS-San Pedro n o t o n l y focuses o n a d i f fe rent 
e n v i r o n m e n t t h a n p r e v i o u s PILPS exper iments , b u t i t also w i l l e m p l o y a p p r o p r i a t e system m e t h o d s for 
parameter es t imat ion , t h a t w i l l h e l p the m o d e l i n g groups to i d e n t i f y parameter sets t h a t m a k e the models 
consistent w i t h the data . 
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Accomplishments: 
The m o d e l i n g g r o u p s located at v a r i o u s univers i t ies a n d research centers a r o u n d the w o r l d have 

s u b m i t t e d results for the f i rs t t w o p l a n n e d steps. A presenta t ion r e g a r d i n g the results obta ined so far 
was m a d e at the P a n - G E W E X M e e t i n g i n October 2006 at the E u r o p e a n Space A g e n c y Research Ins t i tute 
i n Rome. Results submiss ions have been received f r o m 11 m o d e l i n g g r o u p s f r o m d i f f e r e n t countries 
a r o u n d the w o r l d . A conference p a p e r w i t h p r e l i m i n a r y analysis was s u b m i t t e d a n d was presented at the 
A M S M e e t i n g i n January 2006. A n e w conference paper was s u b m i t t e d a n d w i l l be presented at the A M S 
M e e t i n g i n January 2007. A p a p e r address ing energy balance a n d another address ing the w a t e r balance 
are b e i n g f i n i s h e d for s u b m i s s i o n to the Journa l of H y d r o m e t e o r o l o g y . 

Work Plan FY 07/FY 08: 
The i n t e r n a t i o n a l m u l t i - m o d e l s t u d y w i l l be f in i shed w i t h the s u b m i s s i o n of the papers . W e p l a n to 

carry o u t a d d i t i o n a l m u l t i - m o d e l s tudies b u t o n l y w i t h three w i d e l y used c o m m u n i t y mode ls b o t h at 
research a n d o p e r a t i o n a l centers i n the U n i t e d States ( C L M , N o a h , a n d JULES), specif ical ly addressing 
issues of m o d e l parameter t r a n s f e r a b i l i t y across d i f f e r e n t s e m i - a r i d e n v i r o n m e n t s . 

Benefits to the State: 
Semi-ar id e n v i r o n m e n t s are a s ign i f i cant p a r t of the w e s t e r n U n i t e d States, a n d i n p a r t i c u l a r of the 

State of U t a h . The p e r f o r m a n c e e v a l u a t i o n a n d i n t e r c o m p a r i s o n of m o s t of the state-of-the-art l a n d surface 
m o d e l s i n s e m i - a r i d e n v i r o n m e n t s is of interest to d e t e r m i n e the deficiencies t h a t the m o d e l s have i n the 
representat ion of such areas a n d w i l l be h e l p f u l i n o v e r c o m i n g those p r o b l e m s . The current studies of 
m o d e l parameter t r a n s f e r a b i l i t y a m o n g s e m i - a r i d e n v i r o n m e n t s are o f i m p o r t a n c e for i m p r o v e d 
s i m u l a t i o n s a n d forecasts of the t u r b u l e n t heat a n d w a t e r f luxes . I n the l o n g t e r m , this i n f o r m a t i o n can be 
m a d e u s e f u l for w a t e r m a n a g e m e n t at the scale of watersheds a n d r i v e r basins i n U t a h . 
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Investigation on the Application of Non-Uniform Grids for Land 
Surface Modeling Over Semi-Arid Areas and Evaluation Using 
Similarity Measures 

Principal Investigators): 
Luis A. Bastidas 
Shujun Li 
Enrique Rosero 

Project Description: 
The p u r p o s e of the present pro ject is to carry o u t a n i n v e s t i g a t i o n to establish h o w m u c h can be 

g a i n e d b y u s i n g n o n - u n i f o r m g r i d s f o r l a n d surface m o d e l i n g over the s e m i - a r i d Southwest U.S. The 
specific t o p o g r a p h i c characteristics of the t e r r a i n (basin a n d range) , the v e g e t a t i o n d i s t r i b u t i o n ( r i p a r i a n 
areas a n d desert f l o o r ) , a n d the h y d r o l o g i c processes ( m o u n t a i n recharge f ronts , no recharge over desert 
f loors) suggest t h a t a n a p p r o a c h w i t h d i f f e r e n t resolut ions w i l l be m o r e a p p r o p r i a t e for tha t t y p e of 
e n v i r o n m e n t s t h a n the t r a d i t i o n a l mosaic a p p r o a c h c u r r e n t l y used. 

L a n d surface processes c o u p l e d t o a tmospher ic m o d e l s ( A M ) h a v e been described as s i m p l e leaky 
b u c k e t parameter iza t ions i n the late 1960s, to m o r e c o m p l e x surface v e g e t a t i o n a tmosphere transfer 
schemes i n the m i d 1980s, to deta i led l a n d surface ecosys tem-hydro logy m o d e l s . The e v o l u t i o n of 
c o u p l e d A t m o s p h e r i c M o d e l - L a n d Surface M o d e l ( A M - L S M ) have t a k e n i n t o account m o r e detai led 
p h y s i c a l processes (e.g., b iogeochemis t ry , s t r e a m f l o w ) , b u t so far has a l w a y s been o r i e n t e d t o w a r d s a 
single c o l u m n (over a g r i d cell) conceptual representat ion of the processes. D a t a a v a i l a b i l i t y has become 
a l i m i t i n g factor, especially as the m o d e l r e s o l u t i o n increased to account for de ta i l ed fine-scale watershed 
processes (50-200 m ) . These m o d e l s , w h i c h are c o m p u t a t i o n a l l y in tens ive , m a y lack suf f ic ient i n p u t 
f o r c i n g for realistic so lu t ions . M e d i u m - s c a l e (1-12 k m ) models , o n the o ther h a n d , m a y a v o i d this 
l i m i t a t i o n , b u t at a loss of i n f o r m a t i o n . Based o n w o r k carr ied o u t b y M i l l e r (1993,1995) a n d as a b r i d g e 
b e t w e e n these t w o approaches, w e propose a n o n - u n i f o r m g r i d sys tem t h a t p r o v i d e s fine-scale s tructure 
at regions of h i g h l a n d surface s e n s i t i v i t y a n d medium-sca le for regions o f l o w sens i t iv i ty or p r o b l e m -
d e f i n e d h o m o g e n e i t y . Such a n a p p r o a c h w i l l reduce c o m p u t a t i o n a l d e m a n d a n d p r o v i d e a f r a m e w o r k 
f o r e v a l u a t i n g m e d i u m - a n d fine-scale models , as w e l l as tes t ing process sensit ivi t ies at a range of spat ial 
scales. 

V e g e t a t i o n , t o p o g r a p h i c , a n d h y d r o l o g i c characteristics of the s e m i - a r i d Southwes t U.S. suggest that, 
f o r those e n v i r o n m e n t s , i t w i l l be m o r e m e a n i n g f u l to l i n k the i n h e r e n t heterogenei ty a n d scale of the 
t e r r a i n proper t ies a n d h y d r o l o g i c a l processes w i t h the g r i d cell size of the n u m e r i c a l representat ion i n 
l a n d surface models , ra ther t h a n p u r s u e the t r a d i t i o n a l mosaic - type or effect ive aggregat ion a p p r o a c h 
c u r r e n t l y used b y the state-of-the-art m o d e l s . 

T o be able to evaluate a n d calibrate the spat ia l ly d i s t r i b u t e d m o d e l s , w e p r o p o s e d the use of 
s i m i l a r i t y measures. Th is is a n o v e l a p p r o a c h i n h y d r o l o g y and has generated m u c h interest f r o m 
d i f f e r e n t agencies, the W e a t h e r Service i n par t i cu lar . 

Specific objectives are: 

• D e s i g n a n d a p p l y n o n - u n i f o r m L S M g r i d s over the San Pedro Basin a n d test the sens i t iv i ty of the 
h y d r o l o g i c response as forced b y d y n a m i c a l (nested a tmospher ic mesoscale m o d e l i n g ) and 
s ta t i s t i ca l -dynamica l (se l f -organized feature maps a n d / o r s u p p o r t vector machines) d o w n s c a l i n g 
procedures . 

• C o m p a r e the 1-4 k m spat ia l ly aggregated n o n - u n i f o r m g r i d a n d fine-scale g r i d s i m u l a t i o n s to the 
medium-sca le 1-4 k m s i m u l a t i o n s . C o m p a r e fine-scale a n d n o n - u n i f o r m so lut ions a n d determine 
the n o n - u n i f o r m scales tha t resul t i n so lut ions of s i m i l a r accuracy as the fine-scale. 
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Accomplishments: 
The project has f i n i s h e d a n d has been the basis for the d o c t o r a l d i sser ta t ion of S h u j u n L i , w h o 

g r a d u a t e d i n A u g u s t 2006. A m a n u a l p r o c e d u r e f o r m u l t i p l e g r i d representat ion has been deve loped 
over the San Pedro catchment a n d a n a u t o m a t i o n of this p r o c e d u r e has been c o m p l e t e d . A n e w m o d i f i e d 
s i m i l a r i t y measure w a s d e v e l o p e d tha t reduces the c o m p u t a t i o n a l o v e r b u r d e n b y t w o orders of 
m a g n i t u d e . A n i n v i t e d seminar was g i v e n at the N a t i o n a l Weather Service Off ice of H y d r o l o g y i n 
W a s h i n g t o n D C , January 2006; a p r e s e n t a t i o n w i l l be g i v e n at the A G U Fa l l M e e t i n g 2006. A paper 
r e g a r d i n g the use of s i m i l a r i t y measures for ca l ibra t ion a n d sens i t iv i ty analysis w a s s u b m i t t e d i n 
September to Water Resources Research a n d a paper about the n o n - u n i f o r m p r o c e d u r e is i n prepara t ion . 

A s stated i n last year 's repor t , the s i m i l a r i t y a p p r o a c h has generated interest f r o m the N W S a n d a 
j o i n t p r o p o s a l w i t h the Off i ce of H y d r o l o g y , the N W S Salt Lake C i t y Off ice , a n d the C o l o r a d o Basin River 
Forecast Center w a s s u b m i t t e d Ju ly 2006 to the N O A A C P P A p r o g r a m f o r a d d i t i o n a l f u n d i n g . I t also 
constitutes the core o f a N S F p r o p o s a l s u b m i t t e d i n Ju ly 2006. 

Work Plan FY07/FY08: 
W e p l a n to c o n t i n u e w o r k to p u b l i s h the results of the i n v e s t i g a t i o n a n d to cont inue to i m p r o v e the 

c o m p u t a t i o n a l o v e r b u r d e n of the procedures a n d to a p p l y t h e m to d i f f e r e n t d i s t r i b u t e d m o d e l s . The 
presentat ions at meet ings have generated considerable interest a n d possible col laborat ions w i t h N W S 
Off ice of H y d r o l o g y , Lancaster U n i v e r s i t y , U n i v e r s i t y of C a l i f o r n i a - I r v i n e , a n d U n i v e r s i t y of C o l o r a d o 
are e n v i s i o n e d . 

Benefits to the State: 
S e m i - a r i d e n v i r o n m e n t s are a s igni f i cant p a r t of the w e s t e r n U n i t e d States, a n d i n p a r t i c u l a r of the 

State of U t a h . The d e v e l o p m e n t of a p a r a m e t e r i z a t i o n specif ical ly t a i l o r e d for s e m i - a r i d regions is of 
o b v i o u s i m p o r t a n c e for the State of U t a h . The procedures d e v e l o p e d p r o v i d e a w a y to evaluate the 
p e r f o r m a n c e of m o d e l s i n a spa t ia l ly d i s t r i b u t e d fash ion a n d w i l l be a p p l i e d i n a n e w forecast system for 
the state. 
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Model Diagnosis and Uncertainty Using Similarity Concepts and 
Statistical Learning Theory 

Principal Investigators): 
Luis A. Bastidas 
Enrique Rosero 

Project Description: 
The p u r p o s e of th is pro ject is to carry o u t a n i n v e s t i g a t i o n to establish the i m p a c t of data, parameter, 

a n d m o d e l s t ruc ture errors i n the o v e r a l l m o d e l o u t p u t u n c e r t a i n t y w i t h specific focus o n d i s t r i b u t e d 
r a i n f a l l - r u n o f f a n d l a n d surface m o d e l s . 

C u r r e n t i m p l e m e n t a t i o n s o f m u l t i - c r i t e r i a m e t h o d s for parameter e s t i m a t i o n d o n o t consider 
e x p l i c i t l y the ro le of errors i n the m o d e l s t ruc ture a n d f r e q u e n t l y assume error- free c a l i b r a t i o n a n d 
meteoro logica l f o r c i n g data . The error diagnosis step is o v e r l o o k e d because i s o l a t i n g d i f f e r e n t sources of 
error is c o mpl i ca ted . I n this project w e w i l l use a c o m b i n a t i o n of m u l t i - c r i t e r i a o p t i m i z a t i o n a n d 
statist ical l e a r n i n g machines that , i n the presence of m u l t i p l e m o d e l rea l izat ions , w i l l enable 
i d e n t i f i c a t i o n , a n d p r o b a b i l i s t i c q u a n t i f i c a t i o n o f the d i f f e r e n t sources of u n c e r t a i n t y . W e w i l l focus o n a 
case s t u d y that uses t o w e r f l u x data a n d the N o a h land-surface m o d e l a n d the N W S S A C - S M A m o d e l to 
address t w o quest ions: (a) w h a t is the re la t ive c o n t r i b u t i o n of m o d e l s t r u c t u r a l def ic iency a n d data error 
t o the p r e d i c t i o n u n c e r t a i n t y , a n d (b) w h a t is the u n c e r t a i n t y tha t s h o u l d be recognized i n surface 
exchanges w h e n u s i n g ' o p t i m a l ' sets o f m o d e l parameters? The area of s t u d y w i l l o r i g i n a l l y be i n the 
Eastern US, Leaf R i v e r i n M i s s o u r i , a n d the A m e r i f l u x sites i n I l l i n o i s . The rat ionale b e h i n d that is the 
p r e v i o u s extensive use of data for m o d e l d e v e l o p m e n t i n those areas. W h e n the m e t h o d o l o g y w i l l be 
s o u n d l y established, w e w i l l a p p l y i t to the Bear River i n U t a h . 

W e w i l l m a k e use o f s u p p o r t vector machines (SVMs) to extract the u n d e r l y i n g r e l a t i o n s h i p b e t w e e n 
f o r c i n g a n d observat ions a n d because o f the theoret ical capabi l i ty of these kernel -based machines to 
per fec t ly f i t observed values . B y r u n n i n g ensemble s i m u l a t i o n s of p e r t u r b e d i n p u t series t h r o u g h t r a i n e d 
S V M s a n d e v a l u a t i n g the res iduals w i t h respect to p e r t u r b e d observed o u t p u t s , the data error is 
q u a n t i f i e d for the a series o f real izat ions . T o e x p l i c i t l y account for u n c e r t a i n t y c o m i n g f r o m b o t h i n p u t 
a n d o u t p u t , w e w i l l generate h u n d r e d s of real izat ions of p e r t u r b e d observat ional data w i t h d i f fe rent 
levels of an a d d i t i v e u n c o r r e l a t e d heteroscedastic error . M e a n , variance, a n d other statist ical propert ies of 
t h e observed series w i l l be m a i n t a i n e d . The levels of noise w i l l be re lated to t y p i c a l values o f 
m e a s u r e m e n t errors expected at the respective t i m e scale i n the m o s t i m p o r t a n t f o r c i n g variables, (e.g., 
10% p r e c i p i t a t i o n , 5% net r a d i a t i o n , 10% discharge, etc.). 

B y r u n n i n g the i n p u t rea l izat ions t h r o u g h the S V M s to o b t a i n synthet ic real izat ions of p e r t u r b e d 
o u t p u t s w e c o u l d r u n m u l t i - o b j e c t i v e o p t i m i z a t i o n s to o b t a i n a set of parameters tha t m i n i m i z e 
parameter u n c e r t a i n t y . W e w i l l assume that the m u l t i - o b j e c t i v e o p t i m i z a t i o n ident i f ies the Pareto 
o p t i m u m , i.e., removes the parameter error ; thus , the r e s u l t i n g errors c o u l d o n l y be ascribed to m o d e l 
s t r u c t u r a l error . 

W i t h a n ensemble of ' z e r o ' data error p o i n t s a n d their associated Pareto f ronts , w e can in fer 
d i s t r i b u t i o n s for a l l the m o d e l components . T h e n i t is possible to m a k e probabi l i s t i c inferences r e g a r d i n g 
t h e o u t p u t s (i.e., conf idence b o u n d s ) . W h i l e i n the objective space, i t is possible to q u a n t i f y the re lat ive 
c o n t r i b u t i o n s of d i f f e r e n t sources of errors b y t a k i n g distances b e t w e e n the d i s t r i b u t i o n s . 
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Accomplishments: 
• Devise a n ensemble a p p r o a c h tha t w i l l p r o v i d e a means of e s t i m a t i n g the u n c e r t a i n t y 

c o n t r i b u t i o n s f r o m the d i f f e r e n t m o d e l i n g components , i.e., data, parameters , i n i t i a l i z a t i o n , a n d 
m o d e l s t ruc ture . 

• Test the p e r f o r m a n c e of the p r o c e d u r e b o t h i n h u m i d a n d s e m i - a r i d e n v i r o n m e n t s u s i n g data 
f r o m the W e s t e r n US a n d the Bear River i n U t a h . 

• F u r t h e r d e v e l o p the s i m i l a r i t y concepts and appl ica t ions to t w o types of h y d r o l o g i c models , soi l 
m o i s t u r e a c c o u n t i n g r a i n f a l l - r u n o f f mode ls a n d l a n d surface parameter iza t ions . 

• D e t e r m i n e the m o d e l c o m p l e x i t y r e q u i r e d - i n the sense o f the d i s t r i b u t i o n r e q u i r e d to m a k e the 
mo del s consistent w i t h the observations, w h i l e m a i n t a i n i n g a leve l o f p a r s i m o n y tha t w i l l 
p r e c l u d e the "curse of d i m e n s i o n a l i t y " . 

Work Plan FY07/FY08: 
This project b u i l d s o n p r e v i o u s projects. W e p l a n to cont inue w o r k o r i g i n a t e d m a i n l y i n the projects 

" I n v e s t i g a t i o n o n the A p p l i c a t i o n o f N o n - u n i f o r m G r i d s for L a n d Surface M o d e l i n g over S e m i - A r i d 
Areas and E v a l u a t i o n U s i n g S i m i l a r i t y Measures " a n d "Forecasts to I m p r o v e W a t e r D e m a n d P r e d i c t i o n 
i n I r r i g a t i o n Systems". D u r i n g the present year w e w i l l focus o n the d e v e l o p m e n t o f the uncer ta in ty 
e s t i m a t i o n procedures a n d i n p a r t i c u l a r i n i d e n t i f y i n g o p t i m a l w a y s o f genera t ing the ensemble 
real izat ions a n d the a p p r o p r i a t e t y p e o f k e r n e l l e a r n i n g machines to have a n eff ic ient system. 

Benefits to the State: 
The procedures to be d e v e l o p e d w i l l a l l o w creat ion o f a probabi l i s t i c f r a m e w o r k for es t imat ing the 

r e l i a b i l i t y of m o d e l forecasts. The m e t h o d o l o g y w i l l be m o d e l i n d e p e n d e n t a n d c o u l d be extended to 
dec is ion s u p p o r t systems (DSSs), s u c h as the one ex is t ing i n the U t a h W a t e r Research L a b o r a t o r y w h i c h is 
c u r r e n t l y a p p l i e d i n d i f f e r e n t basins of the State of U t a h (e.g., the W e b e r a n d V i r g i n R i v e r Basins). The use 
o f the Bear River as one o f the testbeds is i m p o r t a n t a n d w i l l serve as a w a y to extend the theoret ical 
f r a m e w o r k to other U t a h basins. The procedures to be deve loped w i l l p r o v i d e a w a y to evaluate the 
p e r f o r m a n c e of m o d e l s i n a spa t ia l ly d i s t r i b u t e d fash ion a n d w i l l be a p p l i e d i n a n e w forecast system for 
the state. 

• 
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Modeling of Great Salt Lake Levels - Online Monitoring and Statistical 
Analysis 

Principal Investigators): 
Gilberto E. Urroz 
Mohammed Abdel-Hafez 

Project Description: 
Fluctuat ions of the Great Salt Lake's (GSL) leve l are of d i rec t concern to m i n e r a l indus t r ies a long the 

shore, the Salt Lake C i t y A i r p o r t , r a i l w a y s , a n d 1-80 i n the v i c i n i t y of the lake. T h e y are also w e l l 
correlated w i t h r e g i o n a l w a t e r s u p p l y c o n d i t i o n s . W h i l e several studies have been c o n d u c t e d a i m e d at 
p r e d i c t i n g GSL's w a t e r levels, the i n f o r m a t i o n is n o t r e a d i l y avai lable to w a t e r managers or state 
agencies. This project a ims at d e v e l o p i n g a w e b site w h e r e the ex is t ing m o d e l s can be used to predic t 
GSL's w a t e r levels, as w e l l as to m o n i t o r the actual levels to evaluate the eff ic iency of the m o d e l 
pred ic t ions 

The objectives are: 

1 . R e v i e w ex is t ing GSL w a t e r l eve l m o d e l s . 

2. Produce a w e b site w h e r e ex i s t ing GSL w a t e r leve l mode ls can be i m p l e m e n t e d for p r e d i c t i o n . 

3. Incorpora te GSL w a t e r leve l m o n i t o r i n g (e.g., f r o m USGS data) to compare w i t h predic t ions . 

4 . Produce stat ist ical analysis to v e r i f y ex is t ing models . 

Accomplishments: 
W e have collected a n d i m p l e m e n t e d ex is t ing mode ls (e.g., n e u r a l n e t w o r k s , s u p p o r t vector 

machines , a n d other stat ist ical techniques) , a n d d e v e l o p e d a m o d e l w e b site for i m p l e m e n t i n g p r e d i c t i o n 
a n d m o n i t o r i n g . 

Work Plan FY 07/FY OB: 
This project is the M.S . thesis of a graduate s tudent at the U t a h W a t e r Research L a b o r a t o r y ( U W R L ) . 

I n co l labora t i on w i t h the s tudent , w e p l a n to deve lop a w e b site w e r e GSL leve l data can be p r e d i c t e d 
a n d m o n i t o r e d , f o l l o w i n g the objectives l i s ted above. 

Benefits to the State: 
A s a result of th is project , a w e b site w i l l be d e v e l o p e d that w i l l a l l o w direc t access to predic ted a n d 

m e a s u r e d w a t e r levels i n the Great Salt Lake . This resource w i l l be u s e f u l to w a t e r managers i n the Great 
Salt L a k e basin, as w e l l as to state agencies interested i n the m o n i t o r i n g of Great Salt Lake levels. 
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Modeling the Great Salt Lake 

Principal Investigators): 
David G. Tarboton 
Ibrahim Mohammed 

Project Description: 
T h e p r o b l e m addressed i n this w o r k is m o d e l i n g of changes i n Great Salt Lake (GSL) v o l u m e and 

f l u c t u a t i o n s i n GSL leve l as they are re lated to the i n p u t s , such as s t r e a m f l o w , p r e c i p i t a t i o n , temperature , 
a n d other measures of c l imate tha t act o n the lake-basin system. 

The objectives are: Q u a n t i f y the re la t ionships b e t w e e n the GSL l e v e l / v o l u m e a n d s t r e a m f l o w , 
p r e c i p i t a t i o n , t e m p e r a t u r e , a n d other measures o f c l imate that act o n the lake, t h r o u g h e x p l o r a t o r y data 
analysis a n d statist ical m o d e l i n g . 

E x p l o r e the p o s s i b i l i t y o f re la t ionships b e t w e e n modes i n the lake v o l u m e d i s t r i b u t i o n and attr ibutes 
o f the t o p o g r a p h i c a r e a - v o l u m e r e l a t i o n s h i p . 

Accomplishments: 
The d o m i n a n t d r i v e r s a f fec t ing the GSL v o l u m e are s t r e a m f l o w , p r e c i p i t a t i o n , a n d lake area that 

contro ls e v a p o r a t i o n . F r o m the data avai lable w e deve loped a regression m o d e l for the GSL v o l u m e 
changes. E x p l a n a t o r y var iables w e r e s t r e a m f l o w , p r e c i p i t a t i o n a n d lake area. This m o d e l serves to 
q u a n t i f y some of the f u n c t i o n i n g o f the GSL system that w h e n c o m b i n e d w i t h forecasts for s t r e a m f l o w 
a n d p r e c i p i t a t i o n c o u l d be used for p r e d i c t i o n . 

M o d e s i n the GSL v o l u m e a n d area d i s t r i b u t i o n s w e r e e x a m i n e d as p a r t o f o u r e f for t to u n d e r s t a n d 
lake d y n a m i c s a n d the d i f f e r e n t roles p l a y e d b y b a t h y m e t r y a n d i n p u t s f r o m the h y d r o l o g i c and c l imate 
sys tem. The t o p o g r a p h i c a rea -vo lume r e l a t i o n s h i p i n the GSL plays a ro le i n the sys tem d y n a m i c s 
because area is a c o n t r o l o n the e v a p o r a t i o n o u t f l u x , the o n l y o u t f l o w f r o m the system. W e re-examined 
the m u l t i m o d a l i t y tha t h a d been p r e v i o u s l y i n t e r p r e t e d as suggest ive o f p r e f e r r e d states i n the lake 
d y n a m i c s (La l l , et a l . 1996). W e f o u n d that data acquired over the 14 years since the L a l l , S a n g o y o m i and 
A b a r b a n e l (1996) w o r k w a s done has changed the estimate of the shape o f the GSL v o l u m e p r o b a b i l i t y 
d e n s i t y f u n c t i o n . W e f o u n d tha t m u l t i m o d a l i t y i n the d i s t r i b u t i o n of lake area is m o r e p r o n o u n c e d t h a n 
m u l t i m o d a l i t y i n lake v o l u m e w i t h the r e l a t i o n s h i p b e t w e e n these t w o d i s t r i b u t i o n s b e i n g related to the 
b a t h y m e t r y that describes the rate of change of area w i t h lake leve l . This r e l a t i o n s h i p h a d n o t been 
p r e v i o u s l y descr ibed. 

E v a p o r a t i o n depends u p o n sa l in i ty . To account for this i n o u r GSL m o d e l i n g w e deve loped a 
m o d i f i c a t i o n to the P e n m a n e q u a t i o n for lake e v a p o r a t i o n that adjusts e v a p o r a t i o n rates for the 
r e d u c t i o n i n saturated v a p o r pressure w i t h increasing sa l in i ty . The m o d i f i e d P e n m a n e quat io n 
e v a p o r a t i o n w a s c o m p a r e d to the mass balance estimates of the v o l u m e of GSL e v a p o r a t i o n over the 
years of record , w i t h the resul t tha t m o d i f i e d P e n m a n estimates are r e d u c e d u p to 40% f r o m the 
u n m o d i f i e d P e n m a n estimates a n d are closer to the mass balance estimates (See F i g u r e 1). This 
i m p r o v e d a p p r o a c h for ca l cu la t ion of lake e v a p o r a t i o n a l lows us to better q u a n t i f y the o v e r a l l w a t e r 
balance of the lake t h a t leads to rises a n d d r o p s i n lake leve l . 
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Work Plan FY 07/FY 08: 
The i n t e n t is for th is w o r k to c o n t r i b u t e to better u n d e r s t a n d i n g of l o n g - t e r m , large-scale c l imat ic 

f luc tua t ions a n d t h e i r i n t e r a c t i o n w i t h surface h y d r o l o g y . W e w o u l d l i k e to u n d e r s t a n d the c l imate 
condi t ions that c o u l d lead to changes i n lake leve ls/volumes . Better u n d e r s t a n d i n g of lake processes 
can h e l p t o w a r d s better p h y s i c a l m o d e l forecasts o f lake levels a n d v o l u m e s . Such forecasts are 
i m p o r t a n t to assess the r isks o f l o w or h i g h lake levels that have consequences for lake resources and 
m a n a g e m e n t o f i n f r a s t r u c t u r e such as the p u m p s for p r o t e c t i o n against f l o o d i n g . 

Benefits to the State: 
The Great Salt L a k e is i m p o r t a n t for the economy a n d ecology of the State of U t a h . H i g h lake levels 

threaten i n f r a s t r u c t u r e a n d the Salt Lake C i t y m e t r o p o l i t a n area. The b r i n e s h r i m p a n d m i n e r a l industr ies 
d e p e n d u p o n the lake a n d its s a l i n i t y w h i c h is related to leve l . I t is, therefore , i m p o r t a n t to u n d e r s t a n d 
a n d be able to better p r e d i c t the f l u c t u a t i o n s i n the level of the Great Salt Lake . 

Reference 

L a l l , U . , T . S a n g o y o m i a n d H . D . I . A b a r b a n e l (1996). N o n l i n e a r D y n a m i c s of the Great Salt Lake: 
N o n p a r a m e t r i c S h o r t - T e r m Forecasting. Water Resources Research, 32(4): 975-985. 

• 
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A Decision-Support System for Optimal Agricultural Water 
Management Under Water Deficit Conditions 

Principal Investigators): 
Jagath J. Kaluarachchi 
Ahmed Al-Juaidy 

Project Description: 
The objectives of the pro ject are to : 

1 . D e v e l o p a conceptual m o d e l descr ib ing d i f f e r e n t processes l i n k i n g crop c u l t i v a t i o n i n a f a r m i n g 
c o m m u n i t y , c o n s i d e r i n g w a t e r a l locat ion, i r r i g a t i o n practices, p r o d u c t i o n costs, a n d m a r k e t 
c o n d i t i o n s . 

2. D e v e l o p a n o p t i m i z a t i o n m o d e l to d e t e r m i n e the m a x i m u m p r o f i t i n a n a g r i c u l t u r a l o p e r a t i o n 
subject to l i m i t e d avai lable w a t e r a n d exis t ing m a r k e t c o n d i t i o n s . 

3. Demonst ra te the a p p l i c a b i l i t y of the p r o p o s e d m e t h o d o l o g y for a g i v e n a g r i c u l t u r a l c o m m u n i t y 
i n U t a h . 

Accomplishments: 
W o r k o n Task 1 a n d a p a r t of Task 2 are complete . The r e m a i n i n g tasks are c u r r e n t l y o n g o i n g . 

Work Plan FY07/FY08: 
T h e f o l l o w i n g tasks w i l l be necessary to complete the above research objectives: 

1 . L i t e r a t u r e r e v i e w to i d e n t i f y ex is t ing w o r k s i m i l a r to the p r o p o s e d objectives i n a g r i c u l t u r a l 
w a t e r m a n a g e m e n t . 

2 . I d e n t i t y a sui table r e g i o n o f U t a h w h e r e the m o d e l can be a p p l i e d . 

3 . D e v e l o p the conceptual a n d m a t h e m a t i c a l m o d e l s for w a t e r a l locat ion . 

4 . D e v e l o p the m a t h e m a t i c a l m o d e l of economic analysis. 

5 . D e v e l o p the o p t i m i z a t i o n m o d u l e . 

6. S imulate the a g r i c u l t u r a l w a t e r m a n a g e m e n t i n the r e g i o n selected i n Step 2. 

Benefits to the State: 
T h e r u r a l parts of the State o f U t a h are s t i l l act ively i n v o l v e d i n a g r i c u l t u r a l act ivit ies , f r o m crop 

c u l t i v a t i o n to d a i r y f a r m i n g a n d r a n c h i n g . H o w e v e r , most parts of these a g r i c u l t u r e - d o m i n a t e d regions of 
t h e state have m o d e r a t e to severe w a t e r deficits that o f ten h i n d e r the f u l l i m p l e m e n t a t i o n of their desired 
a g r i c u l t u r a l goals. I n these u n c e r t a i n t imes of w a t e r de f i c i t condi t ions , fa rmers cannot p l a n for the o p t i m a l 
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l a n d area/crop c o m b i n a t i o n s to cu l t iva te i n a g i v e n season to m a x i m i z e the i r a n n u a l p r o f i t s . M o s t 
M i d w e s t e r n states have sophis t icated analyt ica l tools avai lable to the f a r m i n g c o m m u n i t y to address these 
concerns so t h a t they can rotate the i r l a n d use patterns every season based o n the w a t e r def i c i t a n d local 
m a r k e t c o n d i t i o n s . I n th i s w o r k , w e propose to deve lop a w e b - o r i e n t e d a g r i c u l t u r a l w a t e r management 
system for the State of U t a h s u c h tha t the f a r m i n g c o m m u n i t i e s can use the system to d e t e r m i n e the 
o p t i m a l l a n d area/crop c o m b i n a t i o n to c u l t i v a t e i n any g i v e n season k n o w i n g the w a t e r def ic i t a n d local 
m a r k e t condi t ions such t h a t a g r i c u l t u r a l p r o f i t s can be m a x i m i z e d . W e have t e a m e d w i t h the U t a h 
D i v i s i o n of W a t e r Resources a n d the U S D A office i n Salt Lake C i t y to d e v e l o p this dec is ion s u p p o r t 
system (DSS) as a p a r t o f a P h D disser ta t ion . 
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A Tool to Analyze Environmental Impacts of Roads on Forest 
Watersheds 

Principal Investigators): 
David G. Tarboton 

Project Description: 
The c o n s t r u c t i o n a n d use of forest roads can have impacts o n g e o m o r p h i c processes, eros ion patterns 

a n d the ecosystem i n forested basins. A n a l y z i n g these impacts w i l l h e l p forest managers to effect ively 
manage r o a d a n d r o a d dra inage sys tem a n d hence m i n i m i z e the negat ive impacts o f forest roads. 

D e v e l o p a set of GIS tools tha t takes i n p u t f r o m the forest r o a d i n v e n t o r y a n d quant i f ies sediment 
p r o d u c t i o n f r o m forest roads a n d r e s u l t i n g s t ream sediment i n p u t s , predic t s the effect of r o a d drainage 
o n t e r r a i n s tab i l i ty a n d e r o s i o n sens i t iv i ty , a n d analyzes f i s h habi ta t s e g m e n t a t i o n d u e to r o a d s tream 
crossing blockage or fa i lures . T o i m p l e m e n t these tools as a toolbar for the E n v i r o n m e n t a l Systems 
Research I n s t i t u t e (ESRI®) A r c G I S T M GIS sof tware . 

Accomplishments: 
The G R A I P m o d e l is comple te a n d has been c o m p a r e d to p r e v i o u s approaches w i t h favorable 

results . 

Work Plan FY07/FY08: 
U S D A Forest Service r o a d i n v e n t o r y data p r o v i d e s the s tar t ing p o i n t f o r analysis of the i m p a c t of 

roads o n forest watersheds . The a p p r o a c h was to deve lop a set of GIS based analysis tools w h i c h w e r e 
called the G e o m o r p h o l o g i c R o a d A n a l y s i s a n d I n v e n t o r y Package ( G R A I P ) . T h e G R A I P m o d e l consists 
of : 

1 . The G R A I P database schema. 

2. The G R A I P database preprocessor to ingest a n d va l ida te USFS r o a d i n v e n t o r y data w h i l e 
l o a d i n g i t i n t o the database. 

3. A set of GIS procedures t o delineate the s tream n e t w o r k segmented at p o i n t s w h e r e roads cross 
streams. 

4. A set of GIS procedures to d e v e l o p a slope s tab i l i ty i n d e x m a p . 

5. The G R A I P r o a d surface eros ion m o d u l e to q u a n t i f y the sed iment p r o d u c t i o n f r o m each r o a d 
segment a n d sed iment d e l i v e r y to the s tream system. 

6. The G R A I P mass w a s t i n g p o t e n t i a l m o d u l e to q u a n t i f y the p o t e n t i a l fo r mass w a s t i n g d u e to the 
impacts of r o a d dra inage o n b o t h lands l ide a n d eros ion r isk . 

7. The G R A I P s t ream b l o c k i n g analysis m o d u l e to q u a n t i f y the p l u g g i n g r i s k of r o a d dra ins . 

8. The G R A I P habi ta t c o n t i g u i t y m o d u l e to i d e n t i f y r o a d s tream crossings tha t b l o c k f i s h passage 
a n d f r a g m e n t habi tat . 
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Benefits to the State: 
This w o r k has resu l ted i n the d e v e l o p m e n t of a GIS t o o l n a m e d G e o m o r p h o l o g i c Road Ana lys i s and 

I n v e n t o r y Package ( G R A I P ) tha t uses i n f o r m a t i o n f r o m USFS G l o b a l P o s i t i o n i n g System (GPS) r o a d 
surveys to analyze the i m p a c t s t h a t the c o n s t r u c t i o n a n d use of forest roads can have o n g e o m o r p h i c 
processes a n d eros ion pat terns i n forested basins. Th is t o o l w i l l h e l p forest managers t o effect ively manage 
r o a d a n d r o a d dra inage sys tem a n d hence m i n i m i z e the negat ive impacts of forest roads . This t o o l has the 
f o l l o w i n g f u n c t i o n a l i t y : 

C a l c u l a t i o n of r o a d sed iment p r o d u c t i o n . 
C a l c u l a t i o n of s t ream sed iment i n p u t s . 
C a l c u l a t i o n of t e r r a i n s tab i l i ty a n d the i m p a c t of r o a d d r a i n a g e o n t e r r a i n s tabi l i ty . 
I d e n t i f i c a t i o n of r o a d s t ream crossing for f i s h passage i m p a s s a b i l i t y a n d analysis of the 
c o n t i g u i t y a n d f r a g m e n t a t i o n of s t ream n e t w o r k f i s h habi tat . 

This i n f o r m a t i o n is benef ic ia l fo r the management of forested lands i n U t a h . 

• 
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Analysis of Water Demand for Utah's Urban Water Supply Systems 

Principal Investigators): 
Bruce Bishop 
Veerender Garg 

Project Description: 
A r a p i d l y g r o w i n g p o p u l a t i o n a n d e c o n o m y i n the State of U t a h is p l a c i n g ever increasing d e m a n d 

o n the state's w a t e r resources. The Wasatch F r o n t Water D e m a n d a n d S u p p l y M o d e l , w h i c h was 
o r i g i n a l l y d e v e l o p e d i n the early 1990's, h e l p e d state w a t e r m a n a g e m e n t agencies forecast water d e m a n d 
a n d evaluate s u p p l y sources to meet f u t u r e g r o w t h . N o w , w i t h the changes over the past decade, the 
data i n p u t s a n d d e m a n d f u n c t i o n s are i n cr i t i ca l need of reevaluat ion , analysis a n d u p d a t i n g . 

Accomplishments: 
T h e project a ims at i m p r o v i n g the efficacy of the d e m a n d f u n c t i o n tha t was p r o p o s e d to estimate the 

f u t u r e w a t e r d e m a n d i n the Wasa tch r e g i o n . Cluster analysis was used as a t o o l to g r o u p the w a t e r 
connections i n Salt Lake C i t y i n t o g r o u p s or clusters. A w a t e r d e m a n d f u n c t i o n w a s es t imated for each of 
these clusters u s i n g regress ion analysis . Statistical tests w e r e t h e n p e r f o r m e d to v e r i f y the efficacy of the 
d e m a n d f u n c t i o n . I t w a s f o u n d tha t b y c lus ter ing the connections based o n the persons per household , 
the p r e d i c t a b i l i t y of the d e m a n d f u n c t i o n increased f r o m a n r 2 v a l u e of 0.29 w i t h no c lus ter ing to 0.59 for 
clustered data sets. The h i g h e r correlat ions for d e m a n d func t ions for connect ions g r o u p e d w i t h cluster 
analysis s h o u l d h e l p p r e d i c t w a t e r d e m a n d w i t h greater prec i s ion . 

O n e paper has been accepted for presenta t ion at the First Western F o r u m on Energy and Water 
Sustainabil i ty at U C Santa Barbara i n M a r c h 2007. This paper treats the t o t a l n u m b e r of connections i n 
Salt Lake C i t y u s i n g cluster analysis a n d t h e n develops a d e m a n d f u n c t i o n for each of the cluster. The 
results s h o w a n i m p r o v e d p r e d i c t a b i l i t y of the w a t e r d e m a n d w h e n c o m p a r e d w i t h the d e m a n d f u n c t i o n 
d e r i v e d f r o m al l the connect ions. The analysis also demonstrates tha t the key d e p e n d e n t var iable is 
persons per h o u s e h o l d (PPH) . U s i n g P P H to cluster the connections i n t o smal ler g r o u p s helps to increase 
the c o r r e l a t i o n of the w a t e r d e m a n d regression equations, a n d i m p r o v e the p r e d i c t i o n of f u t u r e water 
d e m a n d , a n d p l a n for sustainable f u t u r e w a t e r use. 

I n a second paper near c o m p l e t i o n , clusters were f o r m e d based u p o n characteristics of the 
connect ions a n d t h e n p l o t t e d a spat ia l m a p u s i n g geographic i n f o r m a t i o n sys tem (GIS) analysis. The 
g r o u p i n g s of connections f o r m e d u s i n g cluster analysis also s h o w a c o r r e s p o n d i n g spat ia l g r o u p i n g 
w h e n p l o t t e d o n a GIS m a p of the service area. The clustered connections w e r e also f o u n d to be i n the 
same spatial areas, ra ther t h a n r a n d o m l y scattered a l l across the c i ty . Thus , w a t e r d e m a n d es t imat ion can 
b e i m p r o v e d i n b o t h space a n d t i m e u s i n g a c o m b i n a t i o n of cluster analysis a n d GIS m a p p i n g . 

Work Plan FY 07/FY 08: 
1 . R e v i e w recent l i t e r a t u r e o n w a t e r d e m a n d analysis a n d the data a n d func t ions used i n the 

Wasatch F r o n t M o d e l . 
2 . Evaluate the types, coverage a n d t i m e series of the data sets assembled b y the U t a h Water 

Research L a b o r a t o r y ( U W R L ) re la t ive to specifications a n d r e q u i r e m e n t s for w a t e r use / d e m a n d 
analysis. 

3 . Choose a p p r o p r i a t e statistical tools a n d mode ls to analyze the data a n d generate statist ical ly 
s igni f i cant d e m a n d f u n c t i o n s . 

4 . Test the efficacy o f the m o d e l w i t h i n p u t data f r o m the set n o t p r e v i o u s l y used i n es t imat ing the 
d e m a n d f u n c t i o n s . 
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5. C o m p a r e the results w i t h other c u r r e n t studies and the last v e r s i o n of the Wasatch Front m o d e l . 
6. Prepare papers a n d f o l l o w o n proposals a p p r o p r i a t e to the results . 

Benefits to the State: 
The p r o d u c t s of the pro ject w i l l p r o v i d e w a t e r managers f r o m the state to local l eve l w i t h n e w 

i n f o r m a t i o n a n d tools for a n a l y z i n g f u t u r e w a t e r use, c o p i n g w i t h d r o u g h t a n d other c u r r e n t water crises, 
a n d i m p l e m e n t i n g n e w pol ic ies (e.g. p r i c i n g , l andscaping requirements ) to m o d i f y w a t e r use. 

• 
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Box Elder County Flood Control Support 

Principal Investigators): 
Mac McKee 
Lizzette Oman 
Andres Ticlavilca 

Project Description: 
H e a v y rains i n 2005, c o u p l e d w i t h h i g h g r o u n d w a t e r levels a n d other u n f a v o r a b l e h y d r o l o g i c a n d 

dra inage c o n d i t i o n s , caused severe f l o o d i n g condi t ions a n d substant ia l p r o p e r t y damage i n n u m e r o u s 
locations i n northeast Box Elder C o u n t y . This f l o o d i n g p r o b l e m is i n p a r t to the rate o f u r b a n i z a t i o n of 
the area a n d the l i m i t e d a b i l i t y of loca l i n s t i t u t i o n s a n d the tax base of u n i n c o r p o r a t e d areas to p r o v i d e 
f l o o d p r o t e c t i o n services, especial ly i n per iods of exceedingly h e a v y r a i n f a l l . 

The project w a s d e v e l o p e d i n response to requests for h e l p f r o m Box Elder C o u n t y off ic ials . The 
p u r p o s e of the pro ject is to assist the c o u n t y i n d e v e l o p i n g a database for f l o o d c o n t r o l p l a n n i n g a n d to 
h e l p t h e m acquire state a n d federa l f u n d i n g to c o n d u c t such p l a n n i n g . 

Accomplishments: 
I n FY 2006, p r e l i m i n a r y data w e r e gathered (e.g., l a n d use, s t ream a n d canal locations, t o p o g r a p h i c 

i n f o r m a t i o n , roads a n d h i g h w a y s , etc.) a n d placed i n a GIS f o r m a t . N u m e r o u s meet ings were at tended 
i n v o l v i n g representatives of Box E lder C o u n t y a n d the U t a h W a t e r Research L a b o r a t o r y ( U W R L ) . M o s t 
s ign i f i cant ly , staff f r o m the U W R L w r o t e a p r o p o s a l to o b t a i n f u n d i n g for a p l a n n i n g g r a n t f r o m the 
state. This m o n e y is n o w avai lable to the c o u n t y to s u p p o r t m o r e de ta i l ed f l o o d p l a n n i n g a n d f l o o d 
plane m a p p i n g . 

Work Plan FY0Z/FY08: 
Staff f r o m the U W R L w i l l c o n t i n u e to s u p p o r t the p l a n n i n g e f f o r t t h a t rests i n the hands of Box Elder 

C o u n t y off ic ials . Specific tasks t h a t the U W R L w i l l l i k e l y complete i n c l u d e the genera t ion of r a i n f a l l 
i n t e n s i t y - d u r a t i o n - f r e q u e n c y curves for the c o u n t y a n d c o n t i n u e d f u r t h e r assistance i n the p l a n n i n g 
process. 

Benefits to the State: 
U r b a n i z a t i o n is o c c u r r i n g i n m a n y of Utah ' s f o r m e r l y r u r a l , a g r i c u l t u r a l areas. T y p i c a l l y , the available tax 
base a n d the i n s t i t u t i o n a l capacity to deal w i t h the p r o b l e m s of u r b a n i z a t i o n lag b e h i n d the rate of 
u r b a n i z a t i o n . A s a resul t , changes occur i n the watershed tha t cause p o t e n t i a l p r o b l e m s for drainage (e.g., 
the e l e v a t i o n a n d b a s e - w i d t h of roads are increased w i t h o u t d u e a t t e n t i o n g i v e n to the i n s t a l l a t i o n of 
larger dra ins ; houses are b u i l t o n lots tha t w e r e p r e v i o u s l y a g r i c u l t u r a l f ie lds , thereby i n t e r r u p t i n g 
dra inage ditches a n d other faci l i t ies a n d , as a result , increasing the l i k e l i h o o d of p o n d i n g i n areas w h e r e 
n e w , expensive houses n o w s tand) . W o r k i n s u p p o r t of the p l a n n i n g act ivit ies of Box Elder C o u n t y a n d 
research i n the n a t u r e a n d extent of these f l o o d i n g p r o b l e m s ( that are i n p a r t a f u n c t i o n of r a p i d 
u r b a n i z a t i o n ) w i l l h e l p prepare U t a h w i t h experience a n d guide l ines i n o ther areas o f the state w h e r e 
u r b a n i z a t i o n is o c c u r r i n g i n f o r m e r l y r u r a l areas. 

• 
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Dam Breach Modeling and Extreme Flood Estimation 

Principal Investigators): 
David S. Bowles 
Loren R. Anderson 
Sanjay S. Chauhan 
Wang Zhengang 

Project Description: 
1 . To d e v e l o p a t h r e e - d i m e n s i o n a l s i m u l a t i o n a p p r o a c h t o accurately p r e d i c t breach h y d r o g r a p h s 

r e s u l t i n g f r o m the u n i q u e characteristics of a specific d a m a n d reservoir i f i t w e r e to f a i l u n d e r a 
p a r t i c u l a r c o m b i n a t i o n o f l o a d i n g condi t ions a n d f a i l u r e m e c h a n i s m . 

2. To d e v e l o p approaches to d e v e l o p i n g i n p u t s , d i s p l a y i n g results a n d a d a p t i n g results for d a m 
f a i l u r e f l o o d consequences e s t i m a t i o n u s i n g GIS w i t h the H E C R A S m o d e l . 

3. T o d e v e l o p a state of the practice presenta t ion o n probable m a x i m u m f l o o d e s t i m a t i o n a n d 
approaches to e s t i m a t i n g a n n u a l exceedance probabi l i t i es fo r a w i d e range o f f loods . 

Accomplishments: 
1 . D a m Breach M o d e l i n g . 

A n eros ion a n d f o r c e / m o m e n t s e q u i l i b r i u m - b a s e d n u m e r i c a l m e t h o d has been p r o p o s e d 
to s i m u l a t e o n e - d i m e n s i o n a l head-cut m i g r a t i o n i n cohesive e m b a n k m e n t o v e r t o p p i n g breaches, 
a n d to s i m u l a t e the o n e - d i m e n s i o n a l breach process of z o n e d e m b a n k m e n t d a m s before they 
f u l l y breach t h r o u g h ( W a n g a n d Bowles , 2006e). A t each t i m e step of the s i m u l a t i o n , the depths 
a n d velocit ies of the breach o u t f l o w are calculated b y s o l v i n g the o n e - d i m e n s i o n a l s h a l l o w water 
equations, t h r e e - d i m e n s i o n a l slope s tabi l i ty is checked, a n d the e r o d e d soi l a n d instable soil 
b l o c k are r e m o v e d . The m e t h o d w a s tested u s i n g data f r o m a U S D A - A R S cohesive e m b a n k m e n t 
a n d the Y a h e k o u z o n e d fuse p l u g . Test results s h o w e d t h a t the p r o p o s e d m e t h o d predicts w e l l 
the o n e - d i m e n s i o n a l head-cut shape i n the cohesive d a m a n d the breach shape i n the zoned 
e m b a n k m e n t d a m p r o v i d e d tha t the i n p u t s are a p p r o p r i a t e l y assigned. Sens i t iv i ty studies 
s h o w e d tha t the breach processes for a w e a k l y cohesive d a m u n d e r a s m a l l o v e r t o p p i n g d e p t h 
a n d a h i g h l y - c o h e s i v e d a m are c o n t r o l l e d b y erosion o n l y . T h e y also s h o w e d t h a t the breach 
processes for a w e a k l y cohesive d a m u n d e r a re la t ive ly large o v e r t o p p i n g d e p t h , a non-cohesive 
d a m , a n d a z o n e d e m b a n k m e n t d a m are a l l c o n t r o l l e d b y eros ion a n d force/moments 
e q u i l i b r i u m . 

2. A p p l y i n g GIS to D a m Breach F l o o d i n g Character izat ion . 

O u r w o r k o n F l o o d P l a i n D e l i n e a t i o n U s i n g GIS a n d H E C - R A S for Emergency A c t i o n 
P l a n n i n g a n d Risk Assessment Studies has been deta i led i n a Master ' s R e p o r t b y N a n a d o u m 
(2005). A l t h o u g h o u r w o r k has focused o n us ing the H E C GeoRAS m o d e l , i t s h o u l d be readi ly 
generalizable to other one- a n d t w o - d i m e n s i o n a l f l o o d r o u t i n g m o d e l s . 

3. P M F D e t e r m i n a t i o n a n d Extreme F l o o d Probab i l i ty E s t i m a t i o n . 
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For the N A T O A d v a n c e d Research W o r k s h o p ( A R W ) "Extreme H y d r o l o g i c a l Events: N e w 
Concepts for Secur i ty" h e l d i n N o v o s i b i r s k , Russia Bowles (2005a) s u m m a r i z e d the h i s t o r y a n d 
d e v e l o p m e n t of c u r r e n t pract ice i n d e t e r m i n i n g probable m a x i m u m p r e c i p i t a t i o n (PMP) , 
probable m a x i m u m s torms (PMS), P M F a n d i n f l o w des ign f loods ( IDF) . H e addressed the 
i m p o r t a n t r e l a t i o n s h i p b e t w e e n P M F a n d extreme f loods over a w i d e range of exceedance 
probabi l i t i es tha t are needed for character iz ing f l o o d l o a d i n g as a n i n p u t to d a m safety r i sk 
assessment. H e c o n c l u d e d tha t there is a lack of consistency i n P M F estimates a n d that use of the 
P M F leads to a n o n u n i f o r m d a m safety s t a n d a r d . A s r i sk assessment approaches assume a m o r e 
p r o m i n e n t ro le i n d e t e r m i n i n g adequate d a m safety levels, i t is expected tha t the P M F concept 
w i l l be " r e t i r e d " a n d replaced b y the re la t ionsh ip b e t w e e n a n n u a l exceedance p r o b a b i l i t y a n d 
f l o o d m a g n i t u d e . The need to estimate extreme f l o o d a n n u a l exceedance p r o b a b i l i t y (AEP) 
re la t ionships for d a m safety r i s k assessment has lead to a t r e n d t o w a r d s a b a n d o n i n g the u p p e r 
l i m i t concept for the o p e r a t i o n a l P M P , a n d the need to m a x i m i z e the use of i n f o r m a t i o n f r o m 
site-specific a n d r e g i o n a l i z e d observations a n d p a l e o h y d r o l o g y i n c o n j u n c t i o n w i t h d y n a m i c a l -
stochastic m o d e l s . The v a l u e of prescr ipt ive procedures based o n o u r broadest u n d e r s t a n d i n g of 
the p h y s i c a l l i m i t s of h y d r o m e t e o r o l o g i c a l processes for e s t i m a t i n g AEPs for extreme f loods a n d 
the sh i f t i n the d a m safety dec is ion p o i n t f r o m the analyst w h o prepares the P M F to the o w n e r 
a n d r e g u l a t o r as a resul t of u s i n g r i sk assessment w e r e also recognized . The f o l l o w i n g i m p o r t a n t 
research needs w e r e i d e n t i f i e d to i m p r o v e the estimate of extreme f loods : 

• I m p r o v e d u n d e r s t a n d i n g of the physics for d e v e l o p i n g extreme r a i n f a l l events. 
• I m p r o v e d q u a n t i f i c a t i o n of s t o r m d y n a m i c s a n d prec ip i tab le w a t e r . 
• I m p r o v e d phys ica l ly -based h y d r o l o g i c a l m o d e l s for use b e y o n d range of observed 

events. 
• I m p r o v e d w a y s to treat uncertaint ies i n dynamical -s tochast ic m o d e l s . 
• A p p r o x i m a t e m e t h o d s for p r e l i m i n a r y a n d screening studies . 

For the US A r m y C o r p s of Engineers W o r k s h o p o n Proposed M e t h o d s of Genera t ing the A n n u a l 
Exceedance P r o b a b i l i t y of the Probable M a x i m u m F l o o d h e l d at the H y d r o l o g i c Engineer ing 
Center, D a v i s , C a l i f o r n i a i n July 2005 Bowles (2005b) described the f o l l o w i n g approaches that 
have been used h i s t o r i c a l l y as a basis f o r the des ign f loods : 

1 . Factored H i s t o r i c a l f l o o d at a site or i n r e g i o n . 

2. Probabi l is t ic f l o o d based o n a prescr ibed a 1 i n T year f l o o d , A E P or R e t u r n Per iod (E.g. 1 i n 
10,000 A E P ) . 

3. P M F as a reasonable m a x i m u m f l o o d . 

4 . Base Safety F l o o d as the smallest m a g n i t u d e of f l o o d for w h i c h i n s i g n i f i c a n t incrementa l 
consequences of f a i l u r e occur re lat ive to n o fa i lure . 

5. Risk Assessment based o n Tolerable (L i fe Safety) I n d i v i d u a l a n d Societal Risk Guide l ines . 

6. I n d i v i d u a l i n c l u d i n g the concepts of r e d u c i n g r isks " A s L o w A s Reasonably Pract icable" 
( A L A R P ) a n d O p t i o n e e r i n g . 

Work Plan FY 07/FY08: 
1 . D a m Breach M o d e l i n g . 

Non-cohes ive e m b a n k m e n t dams, cohesive e m b a n k m e n t s dams, a n d z o n e d e m b a n k m e n t dams 
w i t h a n i m p e r m e a b l e central core have d i s t i n c t differences i n the i r o v e r t o p p i n g breach 
processes, w h i c h can be e x p l a i n e d b y differences i n e m b a n k m e n t so i l proper t ies . W e have 
d e v e l o p e d a n d tested a n eros ion a n d force/moments e q u i l i b r i u m - b a s e d three -d imens iona l (3D) 
n u m e r i c a l m e t h o d for the non-cohesive e m b a n k m e n t o v e r t o p p i n g d a m breach ( W a n g a n d 
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Bowles 2006a a n d b ) . A n a p p l i c a t i o n of the m o d e l to represent the d e v e l o p m e n t o f m u l t i p l e 
o v e r t o p p i n g breaches for a l o n g non-cohesive d a m u n d e r the actions o f w i n d - g e n e r a t e d waves 
a n d w a v e o v e r t o p p i n g has also been d e v e l o p e d a n d d e m o n s t r a t e d ( W a n g a n d Bowles 2006c and 
d ) . Th i s year w e have d e v e l o p e d a n d tested extensions o f o u r m o d e l to s imula te the I D head-
cut m i g r a t i o n observed i n the cohesive e m b a n k m e n t d a m o v e r t o p p i n g breach process a n d the 
z o n e d e m b a n k m e n t d a m breach process before they are f u l l y breached t h r o u g h ( W a n g a n d 
Bowles 2006e). 

2. A p p l y i n g GIS to D a m Breach F l o o d i n g Character izat ion . 

W e have d e v e l o p e d a n d tested procedures for o b t a i n i n g i n p u t s to d a m breach f l o o d 
r o u t i n g f r o m GIS sources i n c l u d i n g d i g i t a l e levat ion m o d e l s a n d soils i n f o r m a t i o n . Procedures 
for d i s p l a y i n g results i n f o r m s suitable for f l o o d p l a i n d e l i n e a t i o n a n d emergency act ion 
p l a n n i n g h a v e also been d e v e l o p e d a n d tested. A n a d d i t i o n a l aspect of th is pro ject was to adapt 
results f o r d a m f a i l u r e f l o o d life-loss a n d economic consequences e s t i m a t i o n u s i n g GIS. 

3. P M F d e t e r m i n a t i o n a n d Extreme F l o o d P r o b a b i l i t y E s t i m a t i o n . 

The p r o b a b l e m a x i m u m f l o o d (PMF) is the des ign f l o o d for reservoir safety u n d e r 
t r a d i t i o n a l approaches i n some parts of the w o r l d i n c l u d i n g the U S A , A u s t r a l i a a n d the U K . 
Other parts o f the w o r l d use a rare f l o o d such as the 1 i n 10,000 a n n u a l exceedance p r o b a b i l i t y 
(AEP) f l o o d . D r . Bowles has considerable experience i n a d v a n c i n g the state o f the art i n P M F 
e s t i m a t i o n as w e l l as a p p l i e d experience i n es t imat ing P M F s for reservoirs t h r o u g h o u t the US 
a n d overseas, i n c l u d i n g the ent i re S n o w y M o u n t a i n s Scheme i n A u s t r a l i a . W o r k focused o n the 
p r e p a r a t i o n o f i n v i t e d state o f the practice presentations o n P M F d e t e r m i n a t i o n a n d its 
r e l a t i o n s h i p t o the e m e r g i n g use of d a m safety r i s k assessment at the N A T O A d v a n c e d Research 
W o r k s h o p ( A R W ) "Extreme H y d r o l o g i c a l Events: N e w Concepts for Securi ty" a n d at the US 
A r m y C o r p s of Engineers W o r k s h o p o n Proposed M e t h o d s of Genera t ing the A n n u a l 
Exceedance P r o b a b i l i t y of the Probable M a x i m u m F l o o d . 

Benefits to the State: 
T h e approaches to d a m breach m o d e l i n g , f l o o d r o u t i n g , a n d extreme f l o o d es t imat ion , w h i c h are 

b e i n g i m p r o v e d u n d e r th i s project , w i l l be appl icable to dams i n U t a h . T h e i r a p p l i c a t i o n to d a m safety i n 
U t a h w i l l increase as a d i rec t resu l t o f N a t i o n a l D a m Safety P r o g r a m i n i t i a t i v e s i n b o t h r i s k r a n k i n g a n d 
p o t e n t i a l f a i l u r e m o d e s analysis . O u r research results are avai lable for use b y the U t a h State Engineer 's 
Of f i ce a n d p r a c t i c i n g engineers i n U t a h a n d are b e i n g a p p l i e d b y federal d a m safety agencies such as the 
US A r m y Corps o f Engineers , the US Bureau of Rec lamat ion a n d the Federal Emergency Regula tory 
A g e n c y . Potent ia l benefi ts i n c l u d e i m p r o v e d d a m break f l o o d d e l i n e a t i o n , i m p r o v e d e s t i m a t i o n of d a m 
f a i l u r e consequences for d a m safety r i s k assessment, a n d i m p r o v e d f l o o d e s t i m a t i o n for t r a d i t i o n a l a n d 
r isk-based approaches to d a m safety. 

Publ ica t ions : 

1 . D a m Breach M o d e l i n g . 

W a n g , Z . a n d D . S. Bowles (2006c). D a m Breach S imula t ions w i t h M u l t i p l e Breach Locat ions U n d e r W i n d 
a n d W a v e A c t i o n s . Advances in Water Resources, V o l . 29 (8): 1222-1237. 

W a n g , Z . a n d D . S. Bowles (2006e). A N u m e r i c a l M e t h o d for S i m u l a t i n g I D H e a d - C u t M i g r a t i o n and 
O v e r t o p p i n g Breaching i n Cohesive a n d Z o n e d E m b a n k m e n t s . A c c e p t e d for p u b l i c a t i o n i n Water 
Resources Research. 

Z h e n g a n g , W . a n d D.S. Bowles . (2006d). O v e r t o p p i n g Breaches for a L o n g D a m E s t im a t e d b y a Three-
D i m e n s i o n a l M o d e l . I n : Proceedings o f 26th Annual United States Society on Dams Conference, San 
A n t o n i o , TX, M a y 1-5. 

W a n g , Z . a n d D . S. Bowles (2006a). T h r e e - D i m e n s i o n a l N o n - C o h e s i v e E a r t h e n D a m Breach M o d e l . Part 1 , 
T h e o r y a n d M e t h o d o l o g y . Advances in Water Resources, V o l . 29 (10): 1528-1545. 
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W a n g , Z . a n d D . S. B o w l e s (2006b). T h r e e - D i m e n s i o n a l N o n - C o h e s i v e Ear then D a m Breach M o d e l . Part 2, 
V a l i d a t i o n a n d A p p l i c a t i o n s . Advances in Water Resources, V o l . 29 (10): 1490-1503. 

Z h e n g a n g , W . (2005). T h r e e - D i m e n s i o n a l Noncohes ive Ear then D a m Breach M o d e l a n d the Effect of 
Breach Locat ions o n Breach O u t f l o w w i t h W i n d a n d W a v e A c t i o n s . P h . D . Disser ta t ion , U t a h State 
U n i v e r s i t y , L o g a n , U T . 

Z h u , Y. (2004). Comparison of One- and Tioo-Dimensional Hydrodynamic Flood Severity Modeling for Life Loss 
Estimation. Mas ter of Science Thesis, U t a h State U n i v e r s i t y , L o g a n , U T . 

Z h u , Y. a n d D.S. Bowles (2003). Experiment Comparison ofMIKE21 and DAMBRK. Presented at the Second 
N o r t h A m e r i c a n D a n i s h H y d r a u l i c s Ins t i tute ( D H I ) Sof tware Conference. San Francisco, C A , 
N o v e m b e r . 

2. A p p l y i n g GIS to d a m breach f l o o d i n g character izat ion. 

N a n a d o u m , K. , Superv ised b y D.S. Bowles a n d S.C. C h a u h a n (2005). F l o o d P l a i n D e l i n e a t i o n U s i n g GIS 
a n d H E C - R A S for Emergency A c t i o n P l a n n i n g a n d Risk Assessment Studies . M S Plan C Report , 
U t a h State U n i v e r s i t y , L o g a n , U T . 

3. P M F d e t e r m i n a t i o n a n d Extreme F l o o d P r o b a b i l i t y E s t i m a t i o n . 

Bowles , D.S. (2005a). Probable M a x i m u m F l o o d A p p r o a c h to the E s t i m a t i o n of D e s i g n F l o o d . I n v i t e d K e y 
Lecture at the NATO Advanced Research Workshop Extreme Hydrological Events: New Concepts for 
Security, N o v o s i b i r s k , Russia. July. 

Bowles , D.S. (2005b). Role of Ex t reme F l o o d Frequency i n D a m Safety Risk Assessment w i t h U S A C E 
Examples . I n v i t e d presentat ions at the W o r k s h o p o n Proposed Methods of Generating the Annual 
Exceedance Probability of the Probable Maximum Flood at HEC, D a v i s , C A . July . 
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Dam Failure Life Loss Estimation 

Principal Investigators): 
DavidS. Bowles 
Loren R. Anderson 
Terry F. Glover 
Sanjay S. Chauhan 
Anthony Chen 

Project Description: 
The o v e r a l l objective o f th is project is to d e v e l o p a pract ica l a p p r o a c h t o l ife-loss e s t i m a t i o n a n d 

evacuat ion p l a n n i n g for n a t u r a l a n d d a m - a n d levee-fai lure f loods , w h i c h overcome the l i m i t a t i o n s of the 
p u r e l y e m p i r i c a l approaches, w h i l e d e p e n d i n g o n o n l y r e a d i l y avai lable data sources a n d r e q u i r i n g o n l y 
a reasonable leve l of e f for t t o i m p l e m e n t . 

Accomplishments: 
W e have d e v e l o p e d L I F E S i m , a s p a t i a l l y - d i s t r i b u t e d d y n a m i c s i m u l a t i o n a p p r o a c h for es t imat ing 

p o t e n t i a l l i f e loss for d a m safety r i s k assessment. L I F E S i m has been f o r m u l a t e d to overcome the 
l i m i t a t i o n s o f s p a t i a l l y - l u m p e d e m p i r i c a l l ife-loss e s t i m a t i o n m e t h o d s , s u c h as the USBR G r a h a m 
M e t h o d ( G r a h a m 1999). 

The L I F E S i m d e v e l o p m e n t p h i l o s o p h y emphas ized the i m p o r t a n t processes that have been f o u n d to 
affect the m a g n i t u d e of l i f e loss r e s u l t i n g f r o m major f loods , w h i l e d e p e n d i n g o n o n l y readi ly-avai lab le 
data sources, as descr ibed above, a n d r e q u i r i n g o n l y a reasonable level of e f for t for i m p l e m e n t a t i o n . 
L I F E S i m comprises the f o l l o w i n g i n t e r n a l m o d u l e s : 1) Loss of Shelter, i n c l u d i n g p r e d i c t i o n of b u i l d i n g 
per formance ; 2) W a r n i n g a n d Evacuat ion , i n c l u d i n g a d y n a m i c t r a n s p o r t a t i o n m o d e l c o m p o n e n t ; a n d 3) 
Loss o f L i fe , i n w h i c h e m p i r i c a l fa ta l i ty - ra te p r o b a b i l i t y d i s t r i b u t i o n s , d e v e l o p e d b y M c C l e l l a n d and 
Bowles (1999) i n the f i rs t phase o f th is project , are a p p l i e d to the n u m b e r of p e o p l e est imated b y L I F E S i m 
t o r e m a i n i n one of three h o m o g e n e o u s f l o o d - l e t h a l i t y zones at the t i m e of a r r i v a l of the f l o o d w a v e . 
Es t imated f l o o d d y n a m i c s are o b t a i n e d f r o m a d a m b r e a k - f l o o d i n u n d a t i o n m o d e l such as D A M B R K or 
H E C R A S a n d i n p u t to the L I F E S i m m o d e l i n GIS f o r m . 

L I F E S i m can be r u n i n D e t e r m i n i s t i c or U n c e r t a i n t y M o d e s for user -def ined Fa i lure-Event -
P o p u l a t i o n - E x p o s u r e sett ings. The U n c e r t a i n t y M o d e propagates i n p u t , m o d e l a n d parameter 
uncerta int ies t h r o u g h the m o d e l to p r o v i d e life-loss estimates as p r o b a b i l i t y d i s t r i b u t i o n s . These 
probabi l i s t i c estimates are v e r y i m p o r t a n t because uncertaint ies w i l l a l w a y s exist i n m a k i n g d a m - f a i l u r e 
l ife-loss estimates. T h e y can be used i n u n c e r t a i n t y analyses for d a m safety r i s k assessment as s h o w n b y 
C h a u h a n a n d Bowles (2001, 2004) a n d as c o m m o n l y used b y the USBR. 

T h e D e t e r m i n i s t i c or U n c e r t a i n t y M o d e s of L I F E S i m have been d e m o n s t r a t e d for t w o U S A C E d a m s 
u n d e r a w i d e range of w a r n i n g t imes a n d condi t ions a n d for s m a l l a n d large d o w n s t r e a m c o m m u n i t i e s 
(Aboela ta et al , 2004 a n d 2005). Recently L I F E S i m was a p p l i e d for the Interagency Performance 
E v a l u a t i o n T e a m (IPET) to est imate p r e - a n d p o s t - K a t r i n a p o t e n t i a l l i f e loss f o r area protec ted b y the 
N e w Orleans H u r r i c a n e P r o t e c t i o n System f o r Headquar ters , US A r m y Corps of Engineers, W a s h i n g t o n , 
D . C . 

C o m p a r i s o n s b e t w e e n G r a h a m (1999) a n d L I F E S i m life-loss estimates have i l l u s t r a t e d the d i f f i cu l t i es 
associated w i t h selection of representat ive W a r n i n g T i m e a n d F l o o d Severi ty categories i n the G r a h a m 
M e t h o d , a n d the lack of e x p l i c i t cons idera t ion o f evacuat ion i n the G r a h a m M e t h o d (Aboelata et al , 2004 
a n d 2005). These compar isons have also i l l u s t r a t e d the benefits of the L I F E S i m s i m u l a t i o n approach i n 
o v e r c o m i n g these a n d other l i m i t a t i o n s of s p a t i a l l y - l u m p e d e m p i r i c a l approaches i n general . 
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I n p u t r e q u i r e m e n t s f o r L I F E S i m can be classified i n t o several categories. The f i rs t three categories 
characterize the affected area a n d the evacuat ion a n d w a r n i n g systems i n tha t area, as f o l l o w s : 

1 . A r e a charac ter izat ion - area-specific GIS data for i n i t i a l p o p u l a t i o n d i s t r i b u t i o n , b u i l d i n g types 
a n d occupancy class, r o a d n e t w o r k a n d characteristics, a n d t o p o g r a p h y f r o m databases 
m a i n t a i n e d b y the Census Bureau , F E M A a n d the USGS. 

2. E v a c u a t i o n sys tem - system-specif ic features i n c l u d i n g GIS data o n emergency shelter 
locations /evacuat ion dest inat ions , t r a n s p o r t a t i o n m o d a l spl i t , a n d f i n a l ver t i ca l d i s t r i b u t i o n of 
people . 

3. W a r n i n g sys tem - w a r n i n g sys tem t y p e . 

The f o u r t h category is the m o d e l re la t ionships that are used i n the v a r i o u s L I F E S i m s i m u l a t i o n 
processes, as f o l l o w s : 

4. M o d e l re la t ionships - user-selected or d e f a u l t re la t ionships f r o m the l i t e r a t u r e for b u i l d i n g 
per formance , t i m e - o f - d a y p o p u l a t i o n activit ies, w a r n i n g a n d m o b i l i z a t i o n rates, h u m a n a n d 
vehic le s tab i l i ty cr i ter ia , a n d loss-of- l i fe p r o b a b i l i t y d i s t r i b u t i o n s . 

The r e m a i n i n g three categories represent the p a r t i c u l a r f l o o d i n g event a n d p o p u l a t i o n exposure 
event t h a t is r u n i n L IFESim, as f o l l o w s : 

5. R u n c o n t r o l parameters - s i m u l a t i o n t i m e p e r i o d a n d c o m p u t a t i o n a l t i m e step. 

6. F l o o d i n g event - event-specif ic GIS data f r o m d a m breach a n d f l o o d r o u t i n g m o d e l . 

7. Exposure event - event-specif ic t i m e of d a y a n d w a r n i n g issuance t i m e 

A f ina l pro ject r e p o r t (Aboela ta a n d Bowles 2005) a n d P h . D . d isser ta t ion (Aboela ta 2005) were 
c o m p l e t e d a n d c o n t a i n a d e s c r i p t i o n of the entire m o d e l i n g system, example appl i ca t ions a n d guidance 
o n p a r a m e t e r i z a t i o n . 

A S i m p l i f i e d M o d e of L I F E S i m was e x p l o r e d u s i n g synthet ic samples f r o m the U n c e r t a i n t y M o d e for 
a range of Fa i lure E v e n t - P o p u l a t i o n Exposure settings. These synthet ic samples w e r e to be used to 
d e v e l o p a n " e m p i r i c a l " technique for l ife-loss e s t i m a t i o n w i t h the goal t h a t for settings tha t are 
adequate ly represented, the S i m p l i f i e d M o d e w o u l d p r o v i d e life-loss estimates for p r e l i m i n a r y r i s k 
assessments at a l o w e r leve l of e f f o r t a n d a v o i d i n g the use of GIS, a l t h o u g h w i t h greater uncertainties 
t h a n the F u l l V e r s i o n . The p r e l i m i n a r y S i m p l i f i e d V e r s i o n of L I F E S i m w a s d e v e l o p e d a n d i n i t i a l t r ia ls 
p r o v i d e d some e n c o u r a g i n g compar isons w i t h the F u l l V e r s i o n . H o w e v e r , the e f f o r t needed to prepare 
m a n u a l l y the S i m p l i f i e d V e r s i o n i n p u t s w a s f o u n d to be m o r e t h a n tha t r e q u i r e d f o r o b t a i n i n g i n p u t s for 
the F u l l V e r s i o n f r o m the r e a d i l y avai lable GIS sources. I n a d d i t i o n , the F u l l V e r s i o n w o u l d be expected 
t o p r o v i d e m o r e accurate results t h a n the S i m p l i f i e d V e r s i o n . Therefore o u r r e c o m m e n d a t i o n is that the 
F u l l V e r s i o n of L I F E S i m , f o r w h i c h the i n p u t e f for t is qui te reasonable, s h o u l d be used. 

T h e present v e r s i o n of L I F E S i m is a p r o t o t y p e vers ion . To m a k e i t r e a d i l y avai lable for w i d e r 
a p p l i c a t i o n , a u s e r - f r i e n d l y v e r s i o n of the sof tware needs to be d e v e l o p e d . This Phase 4 w o r k has n o t ye t 
been f u n d e d a l t h o u g h the US A r m y Corps of Engineers has expressed interest i n d o i n g so. I n the 
m e a n t i m e , L I F E S i m can be a p p l i e d b y its developers to o b t a i n l i fe estimates or to evaluate the 
effectiveness of evacuat ion plans . 

Work Plan FY07/FY08: 

T h e project comprises the f o l l o w i n g phases: 

1 . Case h i s t o r y character izat ions a n d analyses ( M c C l e l l a n d a n d Bowles 1999). 

2 . D e v e l o p m e n t , test ing, a n d d e m o n s t r a t i o n of a D e t e r m i n i s t i c M o d e of the F u l l m o d e l i n g system. 
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3. D e v e l o p m e n t , tes t ing , a n d d e m o n s t r a t i o n of a n U n c e r t a i n t y M o d e of the F u l l m o d e l i n g system 
a n d a S i m p l i f i e d M o d e . 

4. D e v e l o p m e n t , tes t ing , a n d d e m o n s t r a t i o n o f u s e r - f r i e n d l y s o f t w a r e for the F u l l m o d e l i n g 
system. 

W o r k o n Phases 1 - 3 is n o w c o m p l e t e d . 

Benefits to the State: 
T h e a p p r o a c h to d a m f a i l u r e l i f e loss es t imat ion , w h i c h is b e i n g i m p r o v e d u n d e r th is project , w i l l be 

appl icable to dams i n U t a h . T h e use of d a m safety r i s k assessment for d a m s i n U t a h w i l l increase as a 
direc t resul t of N a t i o n a l D a m Safety P r o g r a m i n i t i a t i v e s i n b o t h r i sk r a n k i n g a n d p o t e n t i a l fa i lure modes 
analysis. O u r research results are avai lable for use b y the U t a h State Engineer 's Off ice a n d prac t i c ing 
engineers i n U t a h a n d are b e i n g a p p l i e d b y federal d a m safety agencies such as the US A r m y Corps of 
Engineers, the US B u r e a u of Rec lamat ion a n d the Federal Emergency R e g u l a t o r y A g e n c y . L i f e loss 
estimates are needed as i n p u t s for u n d e r s t a n d i n g , p r i o r i t i z i n g , a n d j u s t i f y i n g d a m safety r i sk r e d u c t i o n 
measures. The effectiveness of ma jor f l o o d a n d d a m fa i lure evacuat ion p l a n n i n g can also be i m p r o v e d b y 
u s i n g the L I F E S i m m o d e l i n g sys tem b e i n g d e v e l o p e d u n d e r this project . 
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Dam Safety Risk Management 
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Project Description: 
The o v e r a l l objective o f this o n g o i n g research is: 

To i m p r o v e the a v a i l a b i l i t y a n d capabi l i ty of pract ical r i sk-enhanced approaches to d a m safety r i sk 
management . 

Accomplishments: 
1 . P o r t f o l i o Risk Assessment 

C o n t i n u e d advances i n p o r t f o l i o r i s k assessment, i n c l u d i n g d e v e l o p m e n t o f procedures 
for large p o r t f o l i o s i n w h i c h screening is needed a n d for o w n e r s tha t have l i m i t e d resources, 
such as those r e g u l a t e d b y the states, the use of r i s k indexes, a n d for p r i o r i t i z i n g invest igat ions . 
I m p r o v e d approaches for u p d a t i n g a n d i n t e g r a t i o n of i n d i v i d u a l a n d p o r t f o l i o r i s k assessment 
outcomes i n t o a l l aspects of d a m safety p r o g r a m s (e.g., m o n i t o r i n g a n d survei l lance p r o g r a m s 
a n d emergency m a n a g e m e n t ) a n d v a r i o u s business a n d s takeholder processes. I n a d d i t i o n , r i sk 
m a n a g e m e n t practices f r o m other indus t r ies such as the nuclear , chemical , a v i a t i o n , space and 
offshore indust r ies , are b e i n g r e v i e w e d a n d adapted to d a m safety w h e r e a p p r o p r i a t e . 

2. Tolerable Risk E v a l u a t i o n 

Fur ther d e v e l o p m e n t o f pract ica l approaches to u s i n g i n f o r m a t i o n f r o m tolerable r i s k 
e v a l u a t i o n for m a k i n g d a m safety decisions o n i n d i v i d u a l dams a n d p o r t f o l i o of dams. This 
w o r k inc ludes i n v e s t i g a t i o n of F - N curves for e v a l u a t i n g societal tolerable r i sk , the A L A R P (as 
l o w as reasonably practicable) a n d d i s p r o p o r t i o n a l i t y p r i n c i p l e s i n c l u d i n g comparisons w i t h 
other areas of g o v e r n m e n t a l or business expendi ture , set t ing guide l ines for m e d i u m - t e r m r i sk as 
a progress ive r i s k r e d u c t i o n strategy, establ ishing a basis for s h o r t - t e r m r i s k r e d u c t i o n measures, 
a n d d a m safety r e g u l a t o r y i m p a c t analysis. 

3. U n c e r t a i n t y A n a l y s i s 

D a m s exist i n a n e n v i r o n m e n t o f r i s k a n d u n c e r t a i n t y . A s w i t h t r a d i t i o n a l approaches to 
d a m safety e v a l u a t i o n , the r isk-enhanced a p p r o a c h s h o u l d address the existence of uncertaint ies . 
This w o r k is address ing the f o l l o w i n g areas: 

a) Charac ter iza t ion of uncerta int ies associated w i t h the extreme f l o o d frequencies, 
ear thquake h a z a r d re la t ionships , system response re la t ionships a n d consequences 
re la t ionships , v a r i o u s f u n c t i o n a l re la t ionships that affect d a m safety, a n d c o m m o n cause 
f a i l u r e m o d e l considerat ions . 

b) I m p r o v e d approaches for the p r o p a g a t i o n of r a n d o m (aleatory) a n d k n o w l e d g e 
(epistemic) uncerta int ies i n d a m safety r i sk analysis. 
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c) E v a l u a t i o n of the signif icance of uncertaint ies i n r i s k analysis a n d r i s k e v a l u a t i o n results 
i n c l u d i n g the use of m u l t i p l e regression analysis a n d c o r r e l a t i o n procedures , and 
assessing the i r i m p l i c a t i o n s f o r d a m safety d e c i s i o n - m a k i n g . 

d) G u i d a n c e for dec i s ion makers for the i n t e r p r e t a t i o n of the uncerta int ies i n r i sk 
assessment outcomes . 

4. D a m Safety Risk A n a l y s i s E n g i n e 

P r o p r i e t a r y s o f t w a r e d e v e l o p e d for business r i s k analysis appl i ca t ions is i l l - s u i t e d for 
use i n d a m safety r i s k assessment. M a j o r weaknesses i n c l u d e a lack of capabi l i ty for h a n d l i n g 
c o n t i n u o u s i n i t i a t i n g events s u c h as f loods a n d earthquakes a n d associated sys tem response 
p r o b a b i l i t y a n d consequences assignments to event tree branches. O t h e r areas of weakness are 
the r e q u i r e m e n t s t h a t b r a n c h i n g is o n l y b i n a r y a n d l i m i t e d capabi l i ty for t r a c k i n g event tree 
results a n d p r e s e n t i n g t h e m i n suitable graphica l a n d t a b u l a r f o r m s , i n c l u d i n g F - N charts. I n 
practice these l i m i t a t i o n s have been addressed t h r o u g h the use o f spreadsheets, sometimes 
i n c l u d i n g V i s u a l Basic macros . H o w e v e r , this a p p r o a c h lacks genera l i ty a n d can require 
s igni f i cant e f for t to a p p l y t o a specific d a m or to m o d i f y the event tree s t ructure . 

I n response to these l i m i t a t i o n s , w e are d e v e l o p i n g a general ized d a m safety r i s k 
analysis m o d e l u s i n g V B . n e t a n d M S Access Data Base w i t h the f o l l o w i n g ma jor capabil i t ies: 

a) E v e n t tree c o n s t r u c t i o n is c o n d u c t e d g r a p h i c a l l y a n d inc ludes f lexible opt ions to update 
the event tree by , for example , inser t ing or d e l e t i n g branches. The event tree a n d other 
i n p u t s are s tored i n a database. The event tree can compr i se discrete a n d cont inuous 
branches, w h e r e the c o n t i n u o u s ones w o u l d be for e xa m ple the f l o o d (e.g. peak reservoir 
p o o l e levat ion) or ear thquake (e.g. peak g r o u n d acceleration or m a g n i t u d e ) l o a d i n g 
variables , w h i c h can be represented b y a range of in terva ls t h a t can be v a r i e d i n n u m b e r 
a n d size to achieve n u m e r i c a l prec is ion. The event tree also i n c l u d e s state funct ions for 
re la t ionsh ips b e t w e e n variables i n the event tree, such as stage-discharge, s tage-durat ion 
a n d estimates of v e r t i c a l a n d h o r i z o n t a l d e f o r m a t i o n s i n response t o earthquake l o a d i n g . 

b) P r o b a b i l i t y , consequences a n d state var iable re la t ionships can be i n p u t as assigned 
n u m e r i c a l values , equat ions or tables for i n t e r p o l a t i o n ; i n the lat ter t w o cases, values can 
be ca lculated or i n t e r p o l a t e d as a f u n c t i o n of state variables t h a t are located to the left of 
the v a r i a b l e to be calculated i n the event tree. 

c) S t r u c t u r i n g event tree calculat ions based o n the event tree graphic , w h i c h is b u i l t o n the 
screen. Th is i n v o l v e s creat ing a "pedigree", w h i c h is a u n i q u e address for each end node 
i n the event tree t h a t indicates every leve l of b r a n c h i n g tha t is passed t h r o u g h to reach 
a n e n d node . I n a d d i t i o n to m a k i n g the p r o b a b i l i t y ca l cu la t ion possible w i t h a l l the 
d i f f e r e n t c o n d i t i o n a l p r o b a b i l i t y re la t ionships t h a t can exist, the pedigree is s tored i n the 
database to o b t a i n i n f o r m a t i o n about the c o n t r i b u t i o n s o f d i f f e r e n t factors to the overa l l 
r i s k . The pedigree concept is the key to i m p l e m e n t i n g this f lex ib le a p p r o a c h to event 
tree m o d e l i n g for d a m safety r i s k analysis a n d represents a s ign i f i cant c o n t r i b u t i o n f r o m 
this w o r k . 

d) Basic r i s k calculat ions commence w i t h the ass ignment o f state var iab le values, 
p r o b a b i l i t i e s a n d consequences to branches i n the event tree a n d cont inue w i t h the 
ca l cu la t ion of b r a n c h probabi l i t i es , a n n u a l i z e d l i fe loss a n d a n n u a l i z e d economic loss 
( r i sk cost), a l t h o u g h "probabi l i ty-consequences p a i r s " are also s tored i n the data base for 
post -process ing. P r o b a b i l i t y calculations are s t r u c t u r e d i n a general f o r m that inc ludes 
the c o m m o n cause a d j u s t m e n t for n o n m u t u a l l y - e x c l u s i v e events. 

e) Post processing of the basic r i s k calculations results w i l l i n c l u d e t a b u l a r a n d graphica l 
o u t p u t s w i t h f l e x i b i l i t y i n f o r m a t t i n g based o n the event tree s t ruc ture a n d user needs, 
i n c l u d i n g r i s k e v a l u a t i o n u s i n g a range of tolerable r i s k guide l ines . 

10-19 



Water Resources Planning and Management 

A d e m o n s t r a t i o n v e r s i o n of the r i sk analysis s o f t w a r e is b e i n g d e v e l o p e d for 
p r o o f of concept. I t is b e i n g tested u s i n g the Success D a m E a r t h q u a k e a n d F l o o d event 
trees (Bowles et al 2005), w h i c h i n c l u d e a w i d e range of r e q u i r e m e n t s i n c l u d i n g a 
c o m m o n cause ad jus tment . 

A d d i t i o n a l d e v e l o p m e n t a l w o r k w i l l be needed to a d d c a p a b i l i t y to ef f ic ient ly 
h a n d l e r i s k r e d u c t i o n measures, sens i t iv i ty analyses, a n d u n c e r t a i n t y analyses; a l t h o u g h 
the p r o t o t y p e v e r s i o n has been b u i l t w i t h these i n m i n d . 

5. G u i d a n c e o n D a m Safety Risk M a n a g e m e n t 

Technical notes are b e i n g p r e p a r e d a n d u p d a t e d o n a series of topics a n d m a d e available 
t h r o u g h the I n s t i t u t e f o r D a m Safety Risk M a n a g e m e n t at U S U . D r . Bowles is s e r v i n g as a 
rev iewer , a d v i s o r or a u t h o r for guide l ines for d a m safety r i s k analysis a n d r i s k assessment tha t 
are u n d e r d e v e l o p m e n t b y v a r i o u s organizat ions i n c l u d i n g the A m e r i c a n Society of C i v i l 
Engineers, Federal E n e r g y R e g u l a t o r y C o m m i s s i o n , I n t e r n a t i o n a l C o m m i s s i o n o n Large D a m s 
C a n a d i a n D a m A s s o c i a t i o n a n d N e w South Wales D a m Safety C o m m i t t e e (State D a m Safety 
Regulator) , A u s t r a l i a . 

6. Seminars a n d W o r k s h o p s 

F u r t h e r d e v e l o p m e n t a n d presenta t ion of br ie f ings , seminars, a n d w o r k s h o p s to 
profess ional g r o u p s i n the U n i t e d States a n d overseas. 

Work Plan FY 07/FY 08: 
For m o r e t h a n t w o decades, U t a h State U n i v e r s i t y (USU) researchers have d e v e l o p e d procedures 

tha t e x p l i c i t l y consider the r isks associated w i t h the per formance of dams. They have also a p p l i e d these 
procedures to a b o u t 500 dams i n U t a h , i n other parts of the U n i t e d States ( i n c l u d i n g dams o w n e d b y the 
U.S. Bureau of R e c l a m a t i o n a n d the U.S. A r m y Corps of Engineers, a n d r e g u l a t e d b y the Federal Energy 
R e g u l a t o r y C o m m i s s i o n ) a n d i n A u s t r a l i a a n d E n g l a n d . I n f o r m a t i o n o b t a i n e d f r o m these appl icat ions 
has p r o v i d e d v a l u a b l e bases for m a n y decisions to i m p r o v e the safety o f ex is t ing dams. A p p l i c a t i o n s 
have p r o v i d e d a n o p p o r t u n i t y to f ie ld-test procedures a n d have lead t o the i d e n t i f i c a t i o n of a d d i t i o n a l 
research needs. T r a i n i n g p r o g r a m s have been g i v e n o n six cont inents a n d to ma jor federal agencies w i t h 
d a m safety responsibi l i t ies . I n t e r n a t i o n a l guidel ines have been c o n t r i b u t e d to a n d nat iona l , r e g u l a t o r y 
a n d federa l agency guide l ines have been r e v i e w e d . 

Th is research pro ject is a d v a n c i n g the state of the ar t a n d the state o f the practice i n d a m safety r i s k 
m a n a g e m e n t i n several areas, i n the f o l l o w i n g areas: 

1 . P o r t f o l i o Risk Assessment. 

2. Tolerable Risk E v a l u a t i o n . 

3. U n c e r t a i n t y A n a l y s i s . 

4 . P r o t o t y p e D a m Safety Risk A n a l y s i s Engine . 

5 . Guidance o n D a m Safety Risk M a n a g e m e n t . 

6. Seminars a n d W o r k s h o p s . 

Benefits to the State: 
T h e approaches to d a m safety r i s k m a n a g e m e n t b e i n g d e v e l o p e d u n d e r this pro ject are applicable to 

d a m s i n U t a h . I t is expected the i r use for dams i n U t a h w i l l increase as a d i rec t resul t of N a t i o n a l D a m 
Safety P r o g r a m i n i t i a t i v e s i n b o t h r i s k r a n k i n g and p o t e n t i a l f a i l u r e m o d e s analysis . O u r research results 
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are avai lable for use b y the U t a h State Engineer 's Off ice and p r a c t i c i n g engineers i n U t a h and are b e i n g 
a p p l i e d b y federa l d a m safety agencies such as the US A r m y Corps of Engineers , the US Bureau of 
Rec lamat ion a n d the Federal E m e r g e n c y Regula tory C o m m i s s i o n . Benefits are expected to i n c l u d e 
i m p r o v e d u n d e r s t a n d i n g , p r i o r i t i z a t i o n , a n d j u s t i f i c a t i o n of d a m safety r i s k r e d u c t i o n measures. 

Publ icat ions : 

Bowles , D.S. a n d S.S. C h a u h a n ( I n p r e p a r a t i o n ) Practical Cons iderat ions i n D e v e l o p i n g F - N Curves for 
D a m Safety Risk Assessment. A N C O L D Bulletin. 

Bowles , D.S. (2006). D a m Safety P o r t f o l i o Risk Assessment a n d M a n a g e m e n t . Proceedings of the 2006 
USSD Annual Lecture, San A n t o n i o , Texas. June. 

Bowles , D.S., L.R. A n d e r s o n , T.F. Glover , S.S. C h a u h a n a n d R.S. Rose (2006). Risk-based E v a l u a t i o n of 
I n t e r i m O p e r a t i n g Restr ict ions to Reduce the Risk of E a r t h q u a k e - i n d u c e d D a m Fai lure . ANCOLD 
Bulletin, 132:75-89. 

Bowles , D.S. (2005). Fa i lure M o d e a n d Risk I m p l i c a t i o n s for the States. I n v i t e d presenta t ion at the 
Workshop on Spillway Evaluation with the Evolving Inflow Design Flood at the 2005 ASDSO Conference, 
O r l a n d o , F l o r i d a . September. 

Bowles , D.S. (2005). I n v i t e d Par t i c ipant , Panel o n Risk a n d P r i o r i t y . ASDSO Conference, O r l a n d o , F l o r i d a . 
September. 

Bowles , D.S. (2005). R e v i e w of D r a f t of: D a m Classi f icat ion & Consequences of D a m Fai lure D a m Safety 
G u i d e l i n e s : Practice a n d Procedures, M I O l - D a m Classi f icat ion, Dam Safety Guidelines: Practices and 
Procedures, C a n a d i a n D a m Assoc ia t ion ( C D A ) . A u g u s t . 

G o f f m a n T i g h i , S. a n d D.S. Bowles . (2005). U n c e r t a i n t y A n a l y s i s : M i d - T e r m R i v e r Operat ions M o d e l for 
the L o w e r C o l o r a d o River . Poster presentat ion at the River Systems Management Workshop, Las 
Vegas, N e v a d a . N o v e m b e r . 
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Economic Worth of Data in Water Resources and Water Quality 
Analyses 

Principal Investigators): 
Jagath J. Kaluarachchi 
Ashraf Shaqadan 

Project Description: 
The objectives o f the project are to : 

1 . D e v e l o p a c o m m o n m e t h o d o l o g y to q u a n t i f y the economic w o r t h o f data i n w a t e r resources 
p l a n n i n g a n d m a n a g e m e n t a n d w a t e r q u a l i t y analysis. 

2. Col lect data f r o m selected f i e l d sites represent ing w a t e r resources p r o b l e m s , w a t e r q u a l i t y 
concerns, a n d w a t e r p o l i c y issues. 

3. Demonst ra te the a p p l i c a b i l i t y of the p r o p o s e d m e t h o d o l o g y i n each o f these scenarios. 

Accomplishments: 
The w o r k o n Tasks 1 a n d 2 are complete . The r e m a i n i n g tasks are c u r r e n t l y u n d e r g o i n g . 

Work Plan FY 07/FY 08: 
T h e f o l l o w i n g tasks w i l l be c o m p l e t e d to address the objectives of the research: 

1 . L i t e r a t u r e r e v i e w to i d e n t i f y ex is t ing w o r k s i m i l a r to the p r o p o s e d objectives i n w a t e r sciences 
or other areas. 

2. I d e n t i f y candidate f i e l d site w i t h d i f f e r e n t p r o b l e m s and gather avai lable data f r o m each site. 

3. D e v e l o p the m e t h o d o l o g i e s to p r e d i c t the w o r t h o f data. 

4 . A p p l y the m e t h o d o l o g y to the i n d i v i d u a l case studies a n d demonstra te the a p p l i c a b i l i t y . 

Benefits to the State: 
C o l l e c t i o n of data for w a t e r resources p l a n n i n g a n d m a n a g e m e n t a n d w a t e r q u a l i t y assessment is a 

c r u c i a l step. T y p i c a l l y , such data g a t h e r i n g efforts are expensive a n d t i m e c o n s u m i n g . Therefore, a s o u n d 
scienti f ic u n d e r s t a n d i n g of the v a l u e of data is i m p o r t a n t i n resource a l locat ion , especially i n decis ion­
m a k i n g to collect a d d i t i o n a l data a n d i n f o r m a t i o n . I n s u m m a r y , this is a c o m m o n g l o b a l issue i n water 
resources and e n v i r o n m e n t a l m a n a g e m e n t a n d appl icable to w a t e r s h e d p l a n n e r a n d managers i n U t a h . 
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Forecasting Irrigation Water Demand in the Sevier River Basin 

Principal Investigators): 
Todd K. Moon 
John Flake 

Project Description: 
The project consists i n t a k i n g data w h i c h have been collected f r o m the a u t o m a t e d Sevier River Basin 

c o n t r o l sys tem a n d f r o m other sensors i n the v i c i n i t y o f the canal , a n d d e v e l o p i n g a m o d e l for i t . The 
bas in c o n t r o l sys tem consists of a u t o m a t e d gates, as w e l l as a system of l eve l a n d f l o w sensors. Sensor 
data is l o g g e d o n l i n e . I n a d d i t i o n , weather data, such as p r e c i p i t a t i o n a n d t e m p e r a t u r e data, is also used. 
Several years of data are avai lable , for several d i f f e r e n t canals. 

The p r e d i c t i v e m o d e l is b e i n g b u i l t u s i n g relevance vector machines . V a r i o u s i n p u t values are used, 
i n c l u d i n g p r e v i o u s per iod ' s w a t e r , e v a p o t r a n s p i r a t i o n data, etc., t h e n t r a i n e d to m a t c h the recorded 
d e m a n d data . 

The o v e r a l l p r o b l e m is to d e v e l o p a m a c h i n e - l e a r n i n g m o d e l w h i c h takes the data a n d " m i n e s " i t b y 
d e v e l o p i n g a m o d e l w h i c h predic ts the f l o w . 

The i n i t i a l objective is to t r a i n a m o d e l w h i c h predic t s the f l o w i n a single canal (the R ichf ie ld Canal) 
over the p e r i o d o f one season. V a r i o u s p r e d i c t i o n per iods are used. W e f i rs t start w i t h a shor t 
p r e d i c t i o n , t h e n m o v e u p to p r e d i c t i n g delays r o u g h l y comparable w i t h the t rans i t t i m e i n the canal 
( w h i c h c o u l d be as l o n g as f ive to six days) . 

H a v i n g g a i n e d some experience o n a s ingle canal, the next objective is to t r a i n a s i m i l a r machine o n a 
d i f f e r e n t canal (the B r o o k l y n Canal ) , to see h o w m u c h of the same technique generalizes to d i f f e r e n t 
canals. 

Accomplishments: 
The w o r k b e g a n i n January of th is year . To date, w e have d e v e l o p e d several d i f f e r e n t models , b u t 

are s t i l l r e f i n i n g the results . 

T h e f o l l o w i n g p l o t (F igure 1) s h o w s a n instance of o u r p r e d i c t o r . The b l u e l ine shows actual f l o w for 
the R ichf ie ld canal. The r e d l ine s h o w s the resul t of the R V M p r e d i c t o r . Results are s h o w n f r o m late 
A p r i l u n t i l late M a y (the f i r s t h a y c r o p p e r i o d ) . I n p u t data i n c l u d e a n a n n u a l date, e v a p o t r a n s p i r a t i o n 
data , a n d p r e v i o u s f l o w s . 

A s is clear f r o m this result , the m o d e l is n o t perfect . I n fact, i t starts o f f w i t h a s igni f i cant error, b u t i t 
f a i r l y q u i c k l y seems to catch o n to the p r o b l e m a n d does a g o o d job of " l e a r n i n g " the o p e r a t i o n of the 
canal b y the end o f the p e r i o d . 

Work Plan FY07/FY08: 
The p l a n is p a r t l y descr ibed i n the approach . M o r e specially, w e are u s i n g s u p p o r t vector machine 

( S V M ) a n d relevance vector m a c h i n e ( R V M ) toolboxes that r u n i n M a t l a b . W e are a p p l y i n g v a r i o u s sorts 
o f i n p u t / o u t p u t data to see w h i c h matches best i n terms o f f l o w , m e a s u r i n g mean-square a n d m e a n 
f l o w s . A v e r y large n u m b e r of exper iments have been p e r f o r m e d to see w h i c h var iable best w o r k for the 
p r e d i c t o r . 
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Benefits to the State: 
I n this project , w e are a t t e m p t i n g to construct a p r e d i c t i v e m o d e l for w a t e r d e m a n d i n the Sevier River 

Basin. Such a m o d e l w i l l a l l o w better use of the w a t e r resources i n the bas in . First, b y h a v i n g a g o o d 
p r e d i c t i v e m o d e l , releases f r o m the d a m can be c o n t r o l l e d to m i n i m i z e f l u c t u a t i o n , w h i c h w i l l result i n 
reduced seepage losses. Second, the p r e d i c t i v e m o d e l can be used to assist w a t e r managers so that w a t e r 
needed is actual ly s u p p l i e d . T h i r d , the m o d e l is t ra ined based o n c u r r e n t pract ice. This w i l l p r o v i d e a 
m e c h a n i s m b y w h i c h the k n o w l e d g e of the w a t e r manager is c a p t u r e d for use i n the f u t u r e . 

• 
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Green River Canal Sedimentation and Flow Distribution Project 

Principal Investigators): 
William J. Rahmeyer 
Mac McKee 
Mike Stoeber 
John Newton 
Stewart Edwards 
Jan Miller 

Project Description: 
T h e Green River Canal is exper ienc ing serious sed iment d e p o s i t i o n at several locat ions a long the 

canal. The p h y s i c a l r e m o v a l o f the sediment is too costly for the Green R i v e r Canal C o m p a n y a n d 
farmers to r e m a i n i n business. The U t a h W a t e r Research L a b o r a t o r y ( U W R L ) is i n v e s t i g a t i n g possible 
m a n a g e m e n t practices t h a t c o u l d reduce or p r e v e n t the b u i l d u p o f s e d i m e n t i n the canal . 

The p r i n c i p a l objective o f th is project is to p r o v i d e i n f o r m a t i o n to the Green R i v e r Canal C o m p a n y 
r e g a r d i n g the s e d i m e n t m a t e r i a l f o u n d i n the Green River C a n a l as a resu l t o f the s e d i m e n t a t i o n process. 
This inc ludes g r a i n size d i s t r i b u t i o n a n d a classif ication o f the types o f soils present, a n d the m i n i m u m 
v e l o c i t y r e q u i r e d to m a i n t a i n suspens ion o f the s i l t part ic les enter ing the i r r i g a t i o n canal. A second 
objective is to create a n accurate m a p o f the Green River i r r i g a t i o n canal i n c l u d i n g the l o c a t i o n o f a l l 
t u r n o u t s , re turns , a n d check gates to a i d the Green River Canal C o m p a n y (GRCC) i n locat ing , g o v e r n i n g , 
a n d m a i n t a i n i n g the i r r i g a t i o n s tructures i n the i r system. The t h i r d object ive is to create a spreadsheet 
a c c o u n t i n g m o d e l w h i c h describes the o p e r a t i n g condi t ions of the canal a n d a l l o w s canal operators to 
m i n i m i z e s e d i m e n t a t i o n b y i d e n t i f y i n g p o t e n t i a l p r o b l e m areas. The f o u r t h objective is to p r o v i d e the 
G R C C w i t h a set of o p e r a t i o n a l gu ide l ines for the Green River i r r i g a t i o n canal, a n d w h i c h also describes 
h o w the Green River Canal m o d e l f u n c t i o n s . The f i n a l objective is to p r o v i d e the G R C C w i t h 
r e c o m m e n d a t i o n s f o r canal o p e r a t i o n i n o r d e r to l i m i t s e d i m e n t a t i o n . 

Accomplishments: 
Several site v is i ts have been c o n d u c t e d w h e r e data was collected o n sediment , f l o w d i s t r i b u t i o n , a n d 

f l o w veloci t ies . A m a p of the canal has been created u s i n g A r c G I S so f tware . A f l u m e s t u d y at the U W R L 
w a s c o n d u c t e d w i t h s e d i m e n t f r o m the canal to d e t e r m i n e the m i n i m u m velocit ies necessary to prevent 
sed iment d e p o s i t i o n . A n u m e r i c a l m o d e l has been created to a i d i n the o p e r a t i o n o f the canal. 

Work Plan FY07/FY08: 
Research o n the canal w i l l c o n t i n u e u n t i l the objectives are met . F i n d i n g s w i l l be presented to the 

Green River Canal C o m p a n y . 

Benefits to the State: 
Since i r r i g a t i o n o f f a r m l a n d u s i n g canals is so p r e v a l e n t t h r o u g h o u t U t a h , u n d e r s t a n d i n g of the 

s e d i m e n t a t i o n p r o b l e m s i n v o l v e d w i t h th is t y p e o f i r r i g a t i o n t h r o u g h the research conducted for this 
pro ject w i l l n o t o n l y benef i t the Green River Canal C o m p a n y a n d the C i t y of Green River, U t a h , b u t m a n y 
other canal systems i n U t a h . 
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Implementation of a Closed-Loop Real-Time Irrigation System for 
Scipio, Utah 

Principal Investigators): 
YangQuan Chen 
Mac McKee 
Roger Hansen, US Bureau of Reclamation 
Christophe Tricaud 
Varsha Bhambhani 

Project Description: 
I f suf f ic ient so i l m o i s t u r e data w e r e avai lable , i t w o u l d be idea l f o r purposes o f ach iev ing m o r e 

eff ic ient m a n a g e m e n t o f i r r i g a t i o n w a t e r suppl ies to consider the i r r i g a t i o n c o n t r o l p r o b l e m , i n v o l v i n g 
the ent i re i r r i g a t i o n sys tem f r o m reservoir storage to o n - f a r m a p p l i c a t i o n , as a c losed-loop system. 
L a c k i n g this de ta i l ed database, h o w e v e r , the c u r r e n t practice is to use estimates of e v a p o t r a n s p i r a t i o n 
(ET) based o n calculat ions f r o m w e a t h e r - s t a t i o n i n f o r m a t i o n . H o w e v e r , the ET-based representat ion is a n 
open- loop system because so i l m o i s t u r e is n o t d i r e c t l y c o n t r o l l e d . The i r r i g a t i o n sys tem i n Scipio, U t a h , 
is an idea l site to i m p l e m e n t a t r u l y c losed- loop real - t ime i r r i g a t i o n system. W e consider f i rs t the ET-
based closed-loop i r r i g a t i o n sys tem u s i n g the m a t u r e d data co l lec t ion a n d r e t r i e v a l t echnology as 
represented i n the Sevier R i v e r Basin. E v e n t u a l l y , w e w i l l consider h o w to integrate soi l m o i s t u r e sensors 
to m a k e a t r u e c losed-loop rea l - t ime i r r i g a t i o n system. 

T h e f u n d a m e n t a l objective of the s t u d y is to f i n d w a y s to u t i l i z e the r e a d i l y avai lable system 
i n f o r m a t i o n about the Scipio i r r i g a t i o n sys tem o n f l o w s a n d p o n d a n d reservoir p o o l elevations to 
i m p r o v e o v e r a l l i r r i g a t i o n sys tem eff iciency b y i n c o r p o r a t i n g rea l - t ime closed l o o p t h i n k i n g . 

Accomplishments: 

• Better u n d e r s t a n d i n g the research p r o b l e m . 

• L i t e r a t u r e r e v i e w . 

• O n - l i n e gage data e x p l o r a t i o n a n d analysis for p r e d i c t i o n purposes . 

• M o d e l i n g of the w h o l e sys tem a n d s i m u l a t i o n of some c o n t r o l a l g o r i t h m s . 

Work Plan FY07/FY08: 
T h e Scipio i r r i g a t i o n sys tem is n o t f u l l y i n s t r u m e n t e d a n d w e b - e n a b l e d . A s a result , the s tar t ing 

p o i n t w i l l be i n s t a l l a t i o n o f the a u t o m a t i o n e q u i p m e n t , to be accompl i shed b y D r . Roger Hansen's team 
at the U.S. B u r e a u of Rec lamat ion . I n i t i a l l y , c o n t r o l o f the p o n d level w i l l be inves t iga ted to m a k e i t 
r o b u s t a n d rel iable u n d e r u n c e r t a i n d e m a n d s . W h e n the ent ire i r r i g a t i o n sys tem is web-enabled , closed-
l o o p rea l - t ime c o n t r o l a l g o r i t h m s w i l l be evaluated for the p u r p o s e o f o p t i m i z i n g the opera t ion . I n 
a d d i t i o n , use of soi l m o i s t u r e sensors w i l l be evaluated f r o m the perspect ive o f ach iev ing a t r u e closed-
l o o p c o n t r o l system. Some theoret ica l a n d s i m u l a t i o n studies w i l l be p e r f o r m e d to address the o p t i m a l 
sensor loca t ion p r o b l e m a n d the i r r i g a t o r l o c a t i o n p r o b l e m . These research efforts c o u l d f i t n ice ly i n t o a 
m u l t i y e a r p r o g r a m . 
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Benefits to the State: 
I r r i g a t e d a g r i c u l t u r e accounts f o r m o r e t h a n 85 percent of U t a h ' s to ta l w a t e r use, yet most i r r i g a t i o n 

systems experience v e r y large w a t e r inefficiencies. Greater w a t e r use efficiencies can be obta ined t h r o u g h 
m o r e intens ive m a n a g e m e n t . Th is project w i l l benefi t the i r r i g a t o r s i n Scipio a n d , t h r o u g h their 
experience a n d the lessons l e a r n e d i n th is research, other i r r i g a t o r s i n the Sevier R iver Basin a n d U t a h 
m o r e general ly , t h r o u g h the d e v e l o p m e n t a n d a p p l i c a t i o n of advanced c o n t r o l techniques to i m p r o v e 
m a n a g e m e n t of the i r r i g a t i o n w a t e r d e l i v e r y system. 

• 
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Improved Dam-Breach Flood Plain Inundation Mapping 

Principal Investigators): 
Sanjay S. Chauhan 
DavidS. Bowles 
Brian Stevens 

Project Description: 
I n u n d a t i o n m a p s are a u s e f u l d e c i s i o n - m a k i n g t o o l for emergency m a n a g e m e n t , f l o o d w a r n i n g , and 

evacuat ion . U n s t e a d y f l o w m o d e l s such as D A M B R K , F L D W A V , a n d H E C - R A S are avai lable for d a m 
breach analysis . A d v a n c e d GIS tools are also avai lable for processing the t e r r a i n data a n d d i s p l a y i n g the 
results of breach analysis to d e v e l o p i n u n d a t i o n maps . Despi te these technologica l advancements , their 
a p p l i c a t i o n seems to lag i n pract ice d u e to labor ious a n d t i m e c o n s u m i n g steps i n v o l v e d i n their use. 
Objectives are: 

1) To r e v i e w the state-of-the-practice i n d a m - b r e a c h f l o o d m o d e l i n g a n d i n u n d a t i o n m a p p i n g u s i n g 
GIS tools . 

2) To d e v e l o p a l is t of possible i m p r o v e m e n t s to capabil i t ies tha t have a l ready been i m p l e m e n t e d i n 
a n earlier pro ject f u n d e d b y the Corps of Engineers . 

3) To d e v e l o p a n i m p r o v e d GIS-based i n u n d a t i o n m a p p i n g sys tem to a u t o m a t e the r o u t i n e tasks 
for m o d e l d e v e l o p m e n t a n d to e f f i c ient ly transfer a n d d i s p l a y the d a m - b r e a c h m o d e l i n g results 
i n GIS to d e v e l o p i n u n d a t i o n maps . 

Accomplishments: 
L i t e r a t u r e r e v i e w a n d i d e n t i f i c a t i o n of p o t e n t i a l i m p r o v e m e n t s has been c o n d u c t e d . 

Work Plan FY07/FY08: 
Procedures for o b t a i n i n g i n p u t s to d a m breach f l o o d r o u t i n g f r o m GIS sources i n c l u d i n g d i g i t a l 

e l e v a t i o n m o d e l s a n d soils i n f o r m a t i o n , a n d d i s p l a y i n g results i n f o r m s sui table for f l o o d p l a i n 
d e l i n e a t i o n and emergency a c t i o n p l a n n i n g have been d e v e l o p e d a n d tested ( N a n a d o u m 2005) o n a n 
earl ier project f u n d e d b y the US A r m y Corps of Engineers. D r . C h a u h a n has considerable experience i n 
d a m breach m o d e l i n g u s i n g D a m b r k a n d H E C - R A S c o m p u t e r appl ica t ions . I n th is pro ject w e p l a n to 
recal ibrate b y r e v i e w i n g the state-of-practice i n breach m o d e l i n g a n d i n u n d a t i o n m a p p i n g u s i n g GIS 
tools a n d c o m p u t e r a u t o m a t i o n . A l is t of possible i m p r o v e m e n t s to the t i m e c o n s u m i n g steps i n v o l v e d 
i n the process w i l l be d e v e l o p e d based o n the r e v i e w of p r e v i o u s experience o n breach m o d e l i n g and 
i n u n d a t i o n m a p p i n g projects. A n i m p r o v e d GIS-based i n u n d a t i o n m a p p i n g sys tem w i l l be deve loped 
a n d tested o n a case s t u d y of a d a m i n the State of U t a h . 

Benefits to the State: 
T h e State of U t a h w i l l benef i t f r o m o u r w o r k b y h a v i n g a t o o l to d e v e l o p consistent a n d eff icient GIS-

based i n u n d a t i o n m a p s for its d a m s . I t w i l l be of h e l p to the state's o v e r a l l emergency management 
preparedness . 

• 
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Internet-Based Viewer for Utah's Native Fish Species 

Principal Investigators): 
Jeffery S. Horsburgh 

Project Description: 
This project aims to address the needs of 4 t h a n d 9 t h grade students a n d teachers for tools a n d 

i n f o r m a t i o n to l e a r n m o r e a b o u t Utah ' s na t ive f i s h species. The c u r r e n t s o f t w a r e requires a sof tware 
i n s t a l l a t i o n o n each machine , a n d is l i m i t e d to PCs r u n n i n g the W i n d o w s o p e r a t i n g system. 

The objectives o f th i s w o r k are to create a sof tware a p p l i c a t i o n that can be used b y 4 t h a n d 9 t h grade 
s tudents a n d teachers i n the State o f U t a h to l e a r n m o r e about U t a h ' s n a t i v e f i s h species and to e l iminate 
the need for a s o f t w a r e i n s t a l l a t i o n to use the t o o l . 

Accomplishments: 
A Utah ' s N a t i v e Fishes v i e w e r webs i te has been d e v e l o p e d a n d i m p l e m e n t e d at: 

h t t p : / / w a t e r . u s u . e d u / u t a h f i s h / 

Work Plan FY 07/FY 08: 
P r o g r a m the s o f t w a r e a p p l i c a t i o n i n V i s u a l S t u d i o .Net a n d i m p l e m e n t the Internet-based Utah 's 

N a t i v e Fishes V i e w e r o n a c o m p u t e r server based at the U t a h W a t e r Research L a b o r a t o r y ( U W R L ) . 

Benefits to the State: 
This project w i l l p r o v i d e an Internet-based sof tware t o o l t h a t 4 t h a n d 9 t h grade students t h r o u g h o u t 

t h e State of U t a h can use t o l e a r n m o r e about Utah ' s n a t i v e f i s h species, w h i c h is p a r t of the i r regular 
c u r r i c u l u m . Teachers t h r o u g h o u t the state can use this so f tware i n the i r lesson plans for teaching students 
about Utah 's n a t i v e f i s h species. 

• 
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Real-Time Management of Irrigation Systems in the Sevier River 
Basin 

Principal Investigators): 
Mac McKee 
KashifGill 
Yasir Kaheil 
Andres Ticlavilca 

Project Description: 
A s w a t e r d e m a n d s increase i n the wes tern states a n d as concerns for endangered species a n d water 

q u a l i t y b e g i n to affect the a l l o c a t i o n of w a t e r resources, greater emphasis w i l l have to be placed o n 
eff ic ient w a t e r m a n a g e m e n t i f ex i s t ing w a t e r r i g h t s are to cont inue to be met . I m p r o v e m e n t s i n efficiency 
of w a t e r m a n a g e m e n t r e q u i r e a l o w - c o s t m e c h a n i s m for o b t a i n i n g a n d d i s t r i b u t i n g i n f o r m a t i o n about the 
state of the w a t e r s u p p l y sys tem. The object of th is project is to d e v e l o p a n d a d d s igni f i cant data analysis 
f u n c t i o n a l i t y to the ex i s t ing Sevier R iver W a t e r Users Assoc ia t ion ( S R W U A ) w e b site to s u p p o r t rea l - t ime 
a n d l o n g - t e r m w a t e r m a n a g e m e n t i n f o r m a t i o n needs. 

Accomplishments: 
I n p r i o r years, rea l - t ime operat ions m o d e l s were d e v e l o p e d u s i n g m e t h o d s f r o m statistical l earn ing 

t h e o r y . These i n c l u d e a r t i f i c i a l n e u r a l n e t w o r k ( A N N ) models , s u p p o r t vector m a c h i n e (SVM) models , 
a n d " l a z y learner" (LL) m o d e l s . These m o d e l s have been constructed to h e l p p r o v i d e rea l - t ime 
m a n a g e m e n t i n f o r m a t i o n for d e t e r m i n i n g releases f r o m Piute Reservoir a n d d ivers ions i n t o the Sevier 
V a l l e y / P i u t e Canal . The m o d e l s have been m a d e avai lable to the S R W U A for i m p l e m e n t a t i o n o n their 
webs i te a n d for use b y reservoir a n d canal operators . S h o r t - t e r m p r e d i c t i v e m o d e l s w e r e also b u i l t u s i n g 
a r t i f i c i a l n e u r a l n e t w o r k approaches to forecast d i u r n a l flows f r o m Clear Creek i n t o the Sevier River . 

L o n g - t e r m p r e d i c t i v e m o d e l s w e r e also constructed i n p r i o r years to forecast s t ream flows at the 
H a t c h gage i n the U p p e r Sevier R i v e r Basin. These predic t ions come f r o m a n a r t i f i c i a l n e u r a l n e t w o r k 
m o d e l that uses h i s tor i ca l s t ream flow data, Snotel data, a n d sea surface t e m p e r a t u r e a n o m a l y data f r o m 
the Pacific a n d A t l a n t i c Oceans. 

Previous w o r k focused o n d e v e l o p m e n t a n d statistical v e r i f i c a t i o n of a n h o u r l y opera t iona l m o d e l for 
p r e d i c t i n g r e q u i r e d releases f r o m Piute Reservoir. The m o d e l i n g process ut i l izes a c o m b i n a t i o n of 
s u p p o r t vector machines a n d relevance vector machines ( R V M s ) to screen i n c o m i n g data to recognize 
out l i e r s a n d / or " d r i f t " i n the u n d e r l y i n g p r o b a b i l i t y d i s t r i b u t i o n of the i n p u t data, d e v e l o p a revised 
p r e d i c t o r m o d e l i f d r i f t i n the u n d e r l y i n g d i s t r i b u t i o n is detected, a n d t h e n m a k e a p r e d i c t i o n for 
r e q u i r e d reservoir releases for the next h o u r . A d o p t i o n of the R V M a p p r o a c h for d e v e l o p i n g the 
p r e d i c t o r m o d e l has p r o v i d e d the capabi l i ty of es t imat ing confidence in terva ls o n the p r e d i c t i o n m a d e b y 
the m o d e l . This capabi l i ty , w h i c h has n o t been p r e v i o u s l y possible, gives the reservoir operator va luable 
i n f o r m a t i o n about the u n c e r t a i n t y i n the p r e d i c t i o n m a d e b y the m o d e l . The suite of m o d e l s is designed 
t o r u n i n real t i m e a n d to p r o v i d e the reservoir operator w i t h a n h o u r - b y - h o u r r e c o m m e n d a t i o n for 
releases needed f r o m the reservoir i n order to meet d o w n s t r e a m d e m a n d s f o r n i n e i r r i g a t i o n canals. I t 
does th i s i n order to meet w a t e r orders that a r r i v e 24 to 48 h o u r s i n advance of del iver ies , even t h o u g h 
t r a v e l t imes f r o m the reservoir to the e n d of the fur thes t canal is o n the o r d e r of f ive or six days. The 
suite of m o d e l s was d e v e l o p e d u s i n g data f r o m the 2001 a n d 2002 i r r i g a t i o n seasons, a n d t h e n tested 
against the 2003 a n d 2004 i r r i g a t i o n season. This suite of m o d e l s w a s r e p r o g r a m m e d i n FY 2006 to r u n 
o n the S R W U A c o m p u t e r s . I n c o o p e r a t i o n w i t h the S R W U A , Stonefly Inc . ( w h o m a i n t a i n s the S R W U A 
websi te ) , a n d the P r o v o , U t a h , office of these p r o g r a m s have been l i n k e d to the gate control lers of Piute 
Reservoir , m a k i n g i t o p e r a t i o n a l l y possible for these p r o g r a m s to r u n the reservoir i n rea l - t ime w i t h o u t 
i n t e r v e n t i o n b y a h u m a n . 
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W o r k began i n FY 2006 to i n s t a l l a p p r o x i m a t e l y 50 soi l m o i s t u r e probes i n the Del ta , U t a h , area of the 
Sevier R iver Basin a n d to l i n k t h e m i n t o the a u t o m a t e d data co l lec t ion n e t w o r k t h a t is r u n b y the 
S R W U A . Further , t w o d o w n s c a l i n g a l g o r i t h m s were d e v e l o p e d i n FY 2006 to in terpo la te coarse-scale 
satellite or aerial p h o t o g r a p h s to a f iner reso lut ion . These a l g o r i t h m s w i l l be used to combine data f r o m 
the rea l - t ime soi l m o i s t u r e probes a n d avai lable satellite i m a g e r y to prepare fine-scale estimates of soi l 
m o i s t u r e o n i r r i g a t e d areas i n the Sevier River Basin. I n a d d i t i o n , a m o d e l for p r e d i c t i n g s h o r t - t e r m 
changes i n soi l m o i s t u r e (say, for one to seven days i n advance) was also d e v e l o p e d a n d tested. 

Several p u b l i c a t i o n s w e r e p r o d u c e d b y this project i n FY 2005 a n d FY 2006 a n d p u b l i s h e d i n the 
highest q u a l i t y p e e r - r e v i e w e d j o u r n a l s . 

Work Plan FY 07/FY 08: 
W o r k w i l l cont inue o n d e v e l o p m e n t of s h o r t - t e r m forecast ing of i r r i g a t i o n d e m a n d . This w i l l 

i n c l u d e the c o m p l e t i o n of the i n s t a l l a t i o n of the soi l m o i s t u r e probes i n the D e l t a area, a n d l i n k i n g t h e m 
i n t o the a u t o m a t e d data co l lec t ion n e t w o r k that is r u n b y the S R W U A . W o r k w a s b e g u n o n this task i n 
2006 a n d w i l l be c o m p l e t e d p r i o r to the b e g i n n i n g of the 2007 i r r i g a t i o n season. The data f r o m these 
probes w i l l be a n a l y z e d u s i n g the u p s c a l i n g / d o w n s c a l i n g a l g o r i t h m s t h a t w e r e d e v e l o p e d this year to 
estimate changes i n soi l m o i s t u r e i n f ie lds served b y specific canals. Th is i n f o r m a t i o n w i l l be used to 
estimate a c o n t i n u o u s soi l m o i s t u r e w a t e r balance for i r r i g a t e d lands a n d , w h e n this balance falls l o w 
e n o u g h i n g i v e n areas, to estimate the i r r i g a t i o n r e q u i r e m e n t tha t farmers w i l l be reques t ing over a f i v e -
d a y p e r i o d . These p r e d i c t i o n s w i l l be used to antic ipate f u t u r e w a t e r d e m a n d a n d p r o v i d e better 
i n f o r m a t i o n to canal a n d reservoir operators . 

Benefits to the State: 
A p p l i c a t i o n of th i s a n d re lated technologies i n the Sevier R iver Basin i n the past several years have 

a l ready s h o w n a d r a m a t i c increase i n the eff iciency of b a s i n - w i d e w a t e r m a n a g e m e n t . S imi lar results 
c o u l d be achieved i n v i r t u a l l y every r i v e r b a s i n i n U t a h , especially those w i t h substant ia l i r r i g a t e d 
a g r i c u l t u r e . These forecast ing techniques c o u l d p o t e n t i a l l y p r o v i d e va luable i n f o r m a t i o n for better l o n g -
t e r m decisions b y farmers a n d ranchers f o r investments i n crops a n d l ivestock, especially i n years w h e r e 
d r o u g h t m i g h t be l i k e l y . S i m i l a r l y , the s h o r t - t e r m forecast ing m e t h o d s c o u l d s u p p l y system managers 
w i t h i n f o r m a t i o n necessary to m o r e precisely c o n t r o l the o p e r a t i o n o f large i r r i g a t i o n systems, thereby 
s a v i n g w a t e r a n d increas ing the o v e r a l l p r o d u c t i v i t y of the system. 

Publications: 

Asefa, T., M . K e m b l o w s k i , M . M c K e e , a n d A . K h a l i l (2006). M u l t i - t i m e scale s t ream f l o w predic t ions : The 
s u p p o r t vector machines a p p r o a c h . Journal of Hydrology, 318:7-16. 

G i l l , M . , T . Asefa, M . K e m b l o w s k i , a n d M . M c K e e (2006). Soil m o i s t u r e p r e d i c t i o n u s i n g s u p p o r t vector 
machines . Journal of the American Water Resources Association, 4:1033-1046. 

G i l l , M . , Y. K a h e i l , A . K h a l i l , M . McKee , a n d L. Bastidas (2006). M u l t i o b j e c t i v e par t i c le s w a r m 
o p t i m i z a t i o n for parameter e s t i m a t i o n i n h y d r o l o g y . Water Resources Research, 42(W07417). 

K a h e i l , Y., M . G i l l , M . McKee , a n d L . Bastidas (2006). A n e w Bayesian recurs ive technique for parameter 
es t imat ion . Water Resources Research, 42(W08423). 

K h a l i l , A . , M . McKee , M . K e m b l o w s k i , a n d T. Asefa (2005). Basin-scale w a t e r m a n a g e m e n t and 
forecast ing u s i n g ar t i f i c ia l n e u r a l n e t w o r k s . /. American Water Resources Association, 41(l):195-208. 

K h a l i l , A . , M . McKee , M . K e m b l o w s k i , a n d T. Asefa (2005). Sparse Bayesian l e a r n i n g machine for real­
t i m e m a n a g e m e n t of reservoir release. Water Resources Research, 41(W11401). 
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Stormwater Management in Irrigation Canals 

Principal Investigators): 
Gary P. Merkley 
Alfonso Torres 

Project Description: 
The p r o b l e m d e s c r i p t i o n is t w o f o l d : 

1 . S t o r m w a t e r r u n o f f enters several Cache V a l l e y i r r i g a t i o n canals d u r i n g r a i n s t o r m s , o f t e n causing 
o v e r - t o p p i n g o f the canals a n d damage to adjacent proper t ies . These canals w e r e never designed 
to h a n d l e s t o r m w a t e r r u n o f f , b u t have been obl iga ted to serve i n this f u n c t i o n d u e to increasing 
u r b a n i z a t i o n i n f o r m e r l y a g r i c u l t u r a l areas. 

2. The s t o r m w a t e r r u n o f f issues, w h i c h have been exacerbated i n recent years, have b r o u g h t to l i g h t 
v a r i o u s areas of i m p r o v e m e n t i n canal o p e r a t i o n a n d maintenance b y the canal companies . 
T h u s , w a l k t h r o u g h o p e r a t i o n a n d maintenance surveys w e r e needed to d o c u m e n t the exist ing 
practices a n d the areas i n w h i c h i m p r o v e d practices m i g h t have the greatest benef ic ia l i m p a c t . 

Accomplishments: 
Seven d i g i t a l shaft encoders w e r e purchased for p lacement at e x i s t i n g f l o w m e a s u r e m e n t structures 

i n i r r i g a t i o n canals i n Cache V a l l e y , U t a h . F ive r a d i o t ransmit ters w i t h antennas a n d three data loggers 
w e r e also purchased for the t r a n s m i s s i o n a n d r e c o r d i n g of w a t e r leve l data . A s u m m a r y of the 
i n s t a l l a t i o n w o r k c o m p l e t e d as of N o v e m b e r 16, 2006 is g i v e n i n Table 1 . F ive of the seven encoders have 
been ins ta l led a n d ca l ibrated. A repeater t o w e r was placed o n the r o o f of the E n g i n e e r i n g B u i l d i n g at 
U t a h State U n i v e r s i t y (USU) , a n d a l l r a d i o t ransmiss ion systems i n c l u d i n g p o w e r suppl ies have been 
i n s t a l l e d a n d are f u n c t i o n i n g . The data loggers are c u r r e n t l y b e i n g p r o g r a m m e d to interface w i t h the 
d i g i t a l shaft encoders. 

T h e i n s t a l l a t i o n of a data a c q u i s i t i o n a n d r a d i o te lemetry system is c u r r e n t l y u n d e r w a y o n i r r i g a t i o n 
canals of Cache V a l l e y , U t a h as a co l laborat ive w a t e r m a n a g e m e n t pro ject i n v o l v i n g U S U a n d the U t a h 
D i v i s i o n of W a t e r Rights ( U D W R ) . I n s t a l l a t i o n a n d p r o g r a m m i n g of the d i g i t a l shaft encoders and data 
loggers is b e i n g done b y E v a n T h o m p s o n , u n d e r g r a d u a t e s t u d e n t i n B i o l o g i c a l a n d I r r i g a t i o n 
E n g i n e e r i n g (BIE), u n d e r the d i r e c t i o n of D r . G a r y M e r k l e y , professor i n the B i o l o g i c a l a n d I r r i g a t i o n 
E n g i n e e r i n g D e p a r t m e n t at U S U . T h e y are assisted b y A l f o n s o Torres, g raduate s t u d e n t i n BIE, and 
O m a r A l m i n a g o r t a , also a graduate s t u d e n t i n BIE. The r a d i o te lemetry sys tem w a s ins ta l l ed u n d e r the 
d i r e c t i o n of A a r o n H u n t , a U D W R employee i n Cache V a l l e y . 

T h e project consists of i n s t a l l i n g a data acquis i t ion a n d te lemetry system, a l o n g w i t h a p o w e r s u p p l y , 
at each p r o p o s e d site. W h e r e r a d i o s ignal w a s unava i lab le d u e t o vege ta t ion , b u i l d i n g s , or other 
obs t ruct ions , a data logger w a s used i n place of a te lemetry system to r e c o r d , ra ther t h a n t ransmi t , f l o w 
data . A s u m m a r y o f project components a n d the i r respective uses is g i v e n i n Table 2. A s m a l l shelter 
houses the data a c q u i s i t i o n system, p r o t e c t i n g i t f r o m the weather a n d v a n d a l i s m . The shelter rests over 
a s t i l l i n g w e l l , a n d the d e p t h o f w a t e r i n the w e l l corresponds to the d e p t h of the w a t e r i n the canal. The 
d i g i t a l shaft encoder is connected t o a p u l l e y w i t h a f loat a n d counter w e i g h t tha t is placed i n the s t i l l i n g 
w e l l . A steel pole w a s cemented i n t o the g r o u n d next to each shelter f o r m o u n t i n g of the r a d i o te lemetry 
s y s t e m a n d p o w e r s u p p l y . 
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Telemetry Sys tem 

Repeater Antenna. I n o r d e r to t r a n s m i t f l o w data f r o m v a r i o u s locat ions a r o u n d Cache V a l l e y to the 
U D W R base s tat ion, a sys tem of repeat t o w e r s w a s necessary. O n e such repeater t o w e r was placed o n 
the r o o f o f the E n g i n e e r i n g B u i l d i n g at U S U a n d is seen i n F igure 1 . The i n s t a l l a t i o n t o o k place o n June 
19, 2006. 

Radio Transmitter and Antenna. A t each site w i t h r a d i o recept ion, a r a d i o antenna a n d t ransmi t ter 
w e r e ins ta l l ed to establish s ignal connec t ion w i t h the repeater antenna. T h e y w e r e m o u n t e d to the steel 
pole t h a t w a s p r e v i o u s l y i n s t a l l e d . 

A 900 M H z , 9 d B i Y a g i A n t e n n a m a n u f a c t u r e d b y H y p e r L i n k Technologies w a s purchased and 
ins ta l led at each site. T h e y w e r e c o u p l e d w i t h an XStream-PKG-R RS-232/485 RF M o d e m m a n u f a c t u r e d 
b y M a x S t r e a m . The m o d e m , or t ransmi t te r , has a range of u p to 20 mi les w i t h a h i g h g a i n antenna. The 
t r a n s m i t t e r uses a n RS-232 serial p o r t to receive data f r o m the encoder, t h u s i t w a s used i n con junct ion 
w i t h a s ignal converter . 

Signal Converter. A s the encoder o u t p u t s the s ignal i n SDI-12 f o r m a n d the r a d i o t ransmi t te r o n l y has 
a n RS-232 i n p u t , a s ignal converter w a s necessary. Th is w a s accompl ished w i t h a RS-232 to SDI-12 H o s t 
Interface m a n u f a c t u r e d b y W a t e r L o g Series. 

Data A c q u i s i t i o n 

Digital Shaft Encoders. A t each site, a d i g i t a l shaft encoder replaced the o l d Steven's Recorder. 
I n s t a l l a t i o n procedures v a r i e d s l i g h t l y at each sight, as the ex is t ing shelters w e r e a l l f o u n d i n d i f fe rent 
c o n d i t i o n . A m a p of i n s t a l l a t i o n locat ions is g i v e n i n F igure 2. 

Logan Northern Canal. The f i r s t encoder was ins ta l led o n September 11, 2006 i n the shelter o n the 
p a r s h a l l f l u m e near the b e g i n n i n g of the L o g a n N o r t h e r n Canal . Bushes a n d shrubs w e r e t r i m m e d back 
to f r o m the w o r k area a n d access t r a i l . A n e w b o a r d was measured a n d cut to f i t i n t o the house, as the 
ex is t ing b o a r d h a d m a n y holes i n i t a n d w a s d e t e r i o r a t i n g . H o l e s w e r e d r i l l e d i n the n e w b o a r d for the 
cable to r u n t h r o u g h . The encoder was m o u n t e d o n the b o a r d u s i n g three screws. A one-e ighth i n c h 
cable p i n c h was purchased f o r a t tachment of the cable to the f loa t a n d counter w e i g h t . The insta l led 
encoder is seen i n F i g u r e 3. 

Crockett Canal. The second encoder w a s insta l led o n September 13, 2006 i n the shelter next to the 
p a r s h a l l f l u m e . I n th i s case, the ex i s t ing b o a r d over the s t i l l i n g w e l l w a s i n g o o d c o n d i t i o n and the n e w 
encoder w a s s i m p l y m o u n t e d next to the o l d Steven's Recorder as seen i n F i g u r e 4. The same cable p i n c h 
as used i n the i n s t a l l a t i o n of the f i r s t encoder w a s also used i n th is case. 

Benson Canal. The t h i r d encoder w a s ins ta l led over the s t i l l i n g w e l l o n the p a r s h a l l f l u m e at the 
Benson Canal , w e s t of L o g a n , o n September 19, 2006 and is d i s p l a y e d i n F i g u r e 5. I n th is case the s t i l l i n g 
w e l l w a s o n l y b i g e n o u g h to f i t one f loat , so the Steven's Recorder w a s r e m o v e d . A l t h o u g h there w e r e 
m a n y holes i n the ex i s t ing b o a r d c o v e r i n g the w e l l , i t w a s i n o therwise g o o d c o n d i t i o n a n d was f o u n d to 
be adequate for m o u n t i n g the n e w encoder. One of the ex is t ing holes w a s used a n d a n e w hole d r i l l e d 
f o r the beaded cable to pass t h r o u g h . The recorder w a s m o u n t e d u s i n g o n l y t w o screws, d u e to a seam 
i n the b o a r d r u n n i n g d o w n the m i d d l e of the encoder, exactly w h e r e the t h i r d screw w a s to be d r i l l e d . 

Providence Canal. The f o u r t h encoder was ins ta l led at the Providence Canal o n September 29, 2006. 
A l t h o u g h the ex i s t ing b o a r d h a d m a n y holes a lready d r i l l e d i n i t , none of t h e m m a t c h e d u p perfect ly, so 
one n e w hole w a s d r i l l e d . The beaded cable w a s r u n t h r o u g h the holes a n d the encoder m o u n t e d to the 
e x i s t i n g b o a r d over the s t i l l i n g w e l l , as s h o w n i n F igure 6. 
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Northwest-Field Canal. The f i f t h encoder was ins ta l led o n October 18, 2006 o n the broad-crested w e i r 
at the b e g i n n i n g of the N o r t h w e s t F i e l d Canal , b e h i n d the o l d " A n d e r s o n M i l l , " w h i c h is c u r r e n t l y 
" D e s i g n W e s t . " I n a d d i t i o n , a r a d i o antenna was ins ta l l ed o n the r o o f o f the D e s i g n West b u i l d i n g to 
p r o v i d e r a d i o s ignal for the encoder to be connected to the te lemetry n e t w o r k . A l l necessary w i r i n g was 
r u n f r o m the t o p of the b u i l d i n g to the shelter b e l o w that houses the encoder. The encoder was placed o n 
a n e w b o a r d a n d holes w e r e d r i l l e d for the cable. The antenna a n d encoder are s h o w n i n Figures 7 a n d 8, 
respect ively . 

Power S u p p l y 

A t each l o c a t i o n a 20 w a t t solar pane l w a s ins ta l l ed to p r o v i d e c o n t i n u o u s p o w e r to the bat tery . A 
sealed, lead-ac id 12-volt , 2 4 - a m p - h o u r bat tery was used at each site. A 4 .5 -amp solar contro l ler was also 
ins ta l l ed to p r e v e n t the solar p a n e l f r o m o v e r c h a r g i n g the ba t tery . T h e batteries w e r e placed i n the 
shelters a long w i t h the encoders, w h i l e the solar panels a n d control lers w e r e m o u n t e d o n the steel pole 
tha t was p r e v i o u s l y ins ta l l ed , as seen i n F igure 9. 

T i m e l i n e for C o m p l e t i o n 

Solar panels, solar control lers , a n d one bat tery are s t i l l needed i n o r d e r to m a i n t a i n y e a r - r o u n d 
p o w e r s u p p l y at sites u s i n g the data loggers . A l l other e q u i p m e n t has been o b t a i n e d . A t i m e l i n e and 
s u m m a r y of r e m a i n i n g w o r k is g i v e n i n Table 3. P r o g r a m m i n g of the data loggers to interface w i t h the 
encoders can be done t h r o u g h o u t the w i n t e r . H o w e v e r , c a l i b r a t i o n w i l l r e q u i r e w a t e r i n the canal, and 
m a n y of the canals t h r o u g h o u t Cache V a l l e y have l i t t l e , i f any, w a t e r at this t i m e of year. A s a result , 
c a l i b r a t i o n of encoders w i l l be d o n e as soon as the canals b e g i n to f i l l aga in . 

Since r a d i o c o m m u n i c a t i o n w a s established at the L o g a n N o r t h f i e l d Canal b e h i n d D e s i g n West, one 
extra data logger remains u n u s e d . A l o c a t i o n for this data logger has ye t to be d e t e r m i n e d . 

Work Plan FY 07/FY 08: 
• D o c u m e n t o p e r a t i o n a n d maintenance issues i n Cache V a l l e y i r r i g a t i o n canals. 
• Suggest i m p r o v e m e n t s i n o p e r a t i o n a n d maintenance practices b y canal companies . 
• Ins ta l l n e w w a t e r l eve l recorders a n d connect t h e m to a t e l e m e t r y system for real - t ime 

m o n i t o r i n g of f l o w rates at key locations i n Cache V a l l e y i r r i g a t i o n canals. 
• D e s i g n n e w f l o w measurement structures for i m p r o v e d w a t e r m a n a g e m e n t i n Cache V a l l e y 

i r r i g a t i o n canals. 

Benefits to the State: 
T h i s project has a l ready resu l ted i n s igni f i cant w a t e r m a n a g e m e n t i m p r o v e m e n t s i n Cache V a l l e y b y 

bet ter q u a n t i f y i n g f l o w rates (greater accuracy a n d m o r e f requent measurements) at k e y locations i n 
i r r i g a t i o n a n d dra inage canals, a n d b y i m p r o v i n g o p e r a t i o n a n d maintenance practices b y the canal 
companies . These i m p r o v e m e n t s are expected to result i n the sustainable conserva t ion of w a t e r for 
i r r i g a t e d agr i cu l ture , m u n i c i p a l i t i e s , a n d i n d u s t r y , as w e l l as amel iorate technical a n d legal prob lems 
associated w i t h the excessive s t o r m w a t e r r u n o f f i n t o the canals d u r i n g r a i n s t o r m s . 
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Table 1. Summary of Completed Digital Shaft Encoder Installations. 

Location Data Collection Installation Date 

1. Logan Northern Canal Radio Transmitter 9/11/2006 
2. Crockett Canal Radio Transmitter 9/13/2006 
3. Providence Canal Radio Transmitter 9/29/2006 
4. Logan Northfield Canal Data Logger -
5. Beginning of Logan Northwest Field Canal Radio Transmitter 10/18/2006 
6. Smithfield Hyde-Park Canal Data Logger -
7. Benson Canal Radio Transmitter 9/19/2006 

Table 2. Summary of Project Equipment. 

Equipment Use 

Telemetry System 
Repeater Antenna 
Radio Transmitter and Antenna 
Signal Converter 

Data Acquisition 
Digital Shaft Encoder 
Data Logger* 

Relay radio signal to base station at UDWR 
Send flow measurements to repeater antenna 
Convert SDI-12 signal from encoder to RS-232 for radio transmission 

Measure depth of flow in canal and transmits via SDI-12 signal 
Record depth measurements from encoder and convert to flow rate 

Power Supply 
Solar Panel Gather sunlight and convert to power 
Solar Controller Prevent solar panel from overcharging the battery 
Battery Provide power to the system  
*only used on sites where radio reception is not available 

Table 3. Timeline for Project Completion. 

Details Expected Date of Completion 

Purchase Remaining Power Supplies November, 2006 
Installation of Remaining Encoders November, 2006 
Programming of Data loggers February, 2007 
Final Calibration of Encoders March, 2007 
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Figure 2. Map showing completed and proposed sites of installation of digital shaft encoders. 
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Figure 3. New digital shaft encoder over the stilling well Figure 4. Digital shaft encoder next to an old Steven's 
on Logan Northern Canal Recorder at the Crockett Canal. 

Figure 5. Evan Thompson checks the cable on the Figure 6. Encoder ready to be installed after passing the 
installed digital encoder at the Benson Canal. cable through the drilled holes in the shelter at the 

Providence Canal. 

Figure 7. Antenna and Solar Panel on roof of Design Figure 8. Digital shaft encoder in the shelter at Logan 
West, as seen from below at the Logan Northfield Canal Northfield Canal. 
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The Lower Provo River Bifurcation and Channel Restoration Project 

Principal Investigators): 
Thomas B. Hardy 
Andrew Hall 
Johathan Bingham 
Ren Bagley 

Project Description: 
June sucker f r y o n t h e i r o u t - m i g r a t i o n f r o m the P r o v o R i v e r to U t a h Lake face intense c o m p e t i t i o n 

a n d p r e d a t i o n f r o m i n t r o d u c e d species. Increasing the s u r v i v a l of this l i m i t i n g l i fe stage is key to the 
l o n g - t e r m res tora t ion a n d d e l i s t i n g of the species. 

P r o v i d e p r e l i m i n a r y d e s i g n evaluat ions for an a r t i f i c i a l l y constructed r e a r i n g channel a n d bypass 
s t ructure for June suckers o n the l o w e r P r o v o River for use b y the U t a h E n d a n g e r e d Species P r o g r a m i n 
e v a l u a t i n g targeted r e s t o r a t i o n projects. 

Accomplishments: 
Fie ld data co l lec t ion a n d processing for the ex is t ing channel t o p o g r a p h y of the P r o v o River i n the 

v i c i n i t y of the p r o p o s e d a r t i f i c i a l r e a r i n g channel as w e l l as the channel t o p o g r a p h y a l o n g the a l i g n m e n t 
of the p r o p o s e d channel have been c o m p l e t e d . P r e l i m i n a r y h y d r a u l i c m o d e l ca l ibrat ions are complete, 
a n d w o r k cont inues o n the r e m a i n i n g technical e v a l u a t i o n efforts . 

Work Plan FY 07/FY 08: 
A technical a p p r o a c h has been o u t l i n e d tha t i n c l u d e d f i e l d data col lec t ion , h y d r a u l i c m o d e l i n g of 

the P r o v o River a n d theoret ica l des ign channel , a n d des ign of a bypass s t ruc ture suitable for use w i t h 
June suckers. 

Benefits to the State: 
T h i s project w i l l p r o v i d e the p r e l i m i n a r y feas ibi l i ty d e s i g n a n d p r o o f o f concept for a specific 

res tora t ion project o n the P r o v o R i v e r tha t w i l l u l t i m a t e l y lead to i m p r o v e m e n t i n endangered f i s h habi ta t 
a n d r e c r u i t m e n t . 
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Virgin River Decision Support System 

Principal Investigators): 
Thomas B. Hardy 
Jeffery S. Horsburgh 

Project Description: 
A w e a l t h of data, s u c h a s t r e a m f l o w , w a t e r q u a l i t y , a n d f i s h habi tat , are avai lable f r o m m a n y 

d i f f e r e n t agencies a n d organiza t ions that can be used to i n f o r m w a t e r s h e d m a n a g e m e n t decisions. Data 
v i s u a l i z a t i o n , m a n i p u l a t i o n , a n d m a n a g e m e n t tools are needed to c o m b i n e these data for b e t t e r - i n f o r m e d 
decisions i n m a n a g i n g the V i r g i n R i v e r bas in . 

Create so f tware appl i ca t ions tha t p r o v i d e watershed managers w i t h better tools for data 
v i s u a l i z a t i o n , m a n i p u l a t i o n , a n d m a n a g e m e n t . 

Accomplishments: 
The project is o n - g o i n g . The so f tware has been d i s t r i b u t e d to managers i n the V i r g i n River Basin 

w h o have requested m o d i f i c a t i o n s based o n c h a n g i n g data acquis i t ion needs a n d c a p t u r i n g of his tor ica l 
s a m p l i n g data . 

Work Plan FY 07/FY 08: 
The DSS s o f t w a r e w i l l be p r o g r a m m e d i n V i s u a l S tudio .Net a n d d i s t r i b u t e d to watershed managers 

a n d interested stakeholders . This inc ludes convers ion of the ex is t ing V i r g i n R i v e r Fishes Database a n d 
B a s i n w i d e Assessment appl i ca t ions . 

Benefits to the State: 
T h e V i r g i n R i v e r dec is ion s u p p o r t system (DSS) p r o v i d e s w a t e r s h e d managers i n the V i r g i n River 

bas in w i t h data m a n i p u l a t i o n a n d v i s u a l i z a t i o n tools that assist t h e m i n better m a n a g i n g the V i r g i n River 
w h e r e w a t e r s u p p l y a n d e n d a n g e r e d f i s h species are of concern. 

• 
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Virgin River Watershed Planning Support 

Principal Investigators): 
Thomas B. Hardy 
Ekaterina Saraeva 

Project Description: 
Exis t ing efforts of the V i r g i n R iver P r o g r a m are targe t ing selective w a t e r s h e d p l a n n i n g efforts that 

i n c l u d e e v a l u a t i o n o f s t r e a m p r o t e c t i o n a n d enhancement tha t w i l l benef i t n a t i v e f i s h species a n d re lated 
aquatic resources w i t h i n the V i r g i n R iver Basin. The U t a h W a t e r Research L a b o r a t o r y ( U W R L ) has 
c o m p l e t e d a bas in w i d e assessment of the m a i n s tem V i r g i n R iver a n d its p r i n c i p a l t r ibutar ies that have 
i d e n t i f i e d specific r i v e r segments w h e r e p r o t e c t i o n a n d / o r enhancement actions w o u l d benef i t nat ive 
f i sh species. These results can n o w be u t i l i z e d to f o r m u l a t e specific m a n a g e m e n t actions tha t require 
f u r t h e r technical eva luat ions . 

The objectives of th i s w o r k is to ref ine the f i e l d based a n d associated technical assessments to a l l o w 
the V i r g i n R iver P r o g r a m to c o n d u c t cost-benefit assessments of v a r i o u s p r o p o s e d strategic watershed 
r e s t o r a t i o n actions. 

Accomplishments: 
P r e l i m i n a r y g r o u n d based assessment locations w e r e i d e n t i f i e d a n d p r o v i d e d to V i r g i n River 

P r o g r a m par t i c ipants . H o w e v e r , emergency n o n - n a t i v e f i s h e rad ica t ion efforts , extensive f l o o d i n g , a n d 
c o o r d i n a t i o n delays resu l ted i n th is pro ject b e i n g deferred i n t o FY 2007. 

Work Plan FY07/FY08: 
These assessments w i l l be c o n d u c t e d t h r o u g h a col laborat ive f i e l d a n d analysis e f for t w i t h the state 

a n d federal resource agencies w o r k i n g t h r o u g h the Technical C o m m i t t e e of the V i r g i n P r o g r a m . D u e to 
other P r o g r a m p r i o r i t i e s a n d c o o r d i n a t i o n t i m i n g this w o r k w a s de fer red i n t o FY 2007. 

Benefits to the State: 
This e f for t w i l l p r o v i d e cr i t i ca l f i e l d data, analyses, a n d m o d e l i n g results for use i n strategic watershed 

p l a n n i n g i n the V i r g i n R i v e r Basin u n d e r constraints i m p o s e d b y endangered aquat ic species. 
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Water Resources Analysis and Optimal Allocation Strategies for Salt 
Lake Valley, Utah 

Principal Investigators): 
Jagath J. Kaluarachchi 
Wafa Hassan 

Project Description: 
The objectives of the project are t o : 

• Assess the w a t e r resources i n the Salt Lake V a l l e y a n d forecast f u t u r e w a t e r d e m a n d s based o n 
p o p u l a t i o n g r o w t h a n d l a n d use changes. 

• D e v e l o p a m e t h o d o l o g y to o p t i m i z e a l loca t ion of ex is t ing w a t e r resources i n the f u t u r e based o n 
p r o p o s e d l a n d use changes w h i l e cons ider ing w a t e r q u a l i t y i m p a c t s a n d economic p r o d u c t i v i t y . 

• D e m o n s t r a t e the a p p l i c a b i l i t y of the m e t h o d o l o g y a n d p r o v i d e g u i d e l i n e s a n d suggestions to 
i m p r o v e ex is t ing w a t e r a l l o c a t i o n policies . 

Accomplishments: 
T h e w o r k re lated to Tasks 1-3 has been accompl ished . The w o r k re la ted to other tasks is c u r r e n t l y 

u n d e r g o i n g . 

Work Plan FY 07/FY 08: 
The project w o r k consists of the f o l l o w i n g research tasks: 

1 . G a t h e r i n g ex i s t ing i n f o r m a t i o n re lated to w a t e r resources, economic g r o w t h , e n v i r o n m e n t a l 
concerns, a n d p o l l u t i o n i n the Salt Lake V a l l e y . 

2. A n a l y z e the data a n d i n f o r m a t i o n to assess the c u r r e n t s i t u a t i o n of w a t e r i n the Salt Lake Va l ley . 

3. D e v e l o p m o d e l s to p r e d i c t the f u t u r e w a t e r d e m a n d s based o n p o p u l a t i o n g r o w t h a n d l a n d use 
changes. 

4 . D e v e l o p m o d e l s to forecast the economic p r o d u c t i v i t y r e s u l t i n g f r o m ex is t ing w a t e r a l locat ion 
strategies. 

5. Discuss p o t e n t i a l a l ternat ive w a t e r a l locat ion strategies c o n s i d e r i n g tradeoffs b e t w e e n economic 
p r o d u c t i v i t y a n d societal needs for w a t e r . 
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Benefits to the State: 
The p u r p o s e of th is w o r k is to u n d e r s t a n d the c u r r e n t a n d f u t u r e w a t e r def i c i t scenarios of the Salt 

Lake V a l l e y a n d t o d e t e r m i n e the economic consequences, i f any, of the c u r r e n t practices of w a t e r 
a l loca t ion i n the v a l l e y . W e propose to p r o v i d e a n i n s i g h t i n t o the economic issues a n d i d e n t i f y potent ia l 
al ternatives for o p t i m a l w a t e r a l l o c a t i o n cons ider ing economic r e t u r n o n w a t e r a n d the available water 
s u p p l y i n f u t u r e years. The results of the s t u d y w i l l p r o v i d e greater i n s i g h t i n t o w a t e r a l locat ion a n d 
def i c i t issues so t h a t a n economic perspect ive can be b r o u g h t to f u t u r e p l a n n i n g a n d management b y the 
State Engineer. 
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