




















































File Original with DWR State of California DWR Use Onl - Do Not Fill In 

Well Completion Report 
Page 2 of _2 __ _ 

Owner's Well Number Well #2 No. e0356187 
Date Work Began 08/21/2017 Date Work Ended ..,9"-/ ..,_,12,,,.l.ea.20,,_1.,,_,7'-----

I I I I I 
~-~ -~S_ta_te_ W~e_ll ~Number/Site Number 

I I I IN I I I I 
Latitude Lon9itude 

IWI 
Local Permit Agency Napa County Environmental Health Services 
Permit Number E 16-00484 Permit Date 7 /20/16 APN/TRS/Other 

Geologic Log Well Owner 
Orientation 0 Vertical 0 Horizontal 0 Angle Specify Redacted Per Californi a 

Drilling Method Direct Rota~ Drilling Fluid Bentonite mud 

Depth from Surface Description Water Code §"13752 
Feet 10 Feet Describe material, cirain size. color, etc 

0 5 Brown clay and cobbles Well Location 
5 58 Brown and red clay Address 530 Dutch Hen01 Cani1on Road 
58 604 Light gray, green and black rock City Calistoga County Napa 

Latitude N Longitude ______ ____y,1 
Deci:"'" "sec:- Dea. Min. Sec. 

Datum Decimal Lat. Decimal Long. 

APN Book 018 Page 050 Parcel 011 

Township Rani:ie Section 

Location Sketch Actlvitv 
(Sketch must be drawn by hand after foon Is printed.) ® NewWell 

North O Modification/Repair 
0 Deepen 
0 Other 

0 Destroy 
Ocscobe procedures and materials 
undtf ·GEOLOGIC LOG" 

Planned Uses 
® Water Supply 

[Z) Domestic D Public 
1;; 1;; D Irrigation D Industrial "' w 

0 Cathodic Protection 
0 Dewatering 
0 Heat Exchange 
0 Injection 
0 Monitoring 
0 Remediation 
0 Sparging 

South 
0 Test Well 

llus lrale ot descnbe cistDnce of well from roads. bullcings, fences, 
0 Vapor Extraction 

rivers. etc. and attach a map. Un additional paper if necessary. 0 Other 
PSc.lse be accurate and comolete. 

IVVater Level and Yield of Completed Well 
Depth to first water (Feet below surface) 
Depth to Static 
Water Level 50 (Feet) Date Measured 09/08/2017 

Total Depth of Boring 604 Feet Estimated Yield • 20 (GPM) Test Type Air Lift 

Total Depth of Completed Well 595 Test Length 4 0 (Hours) Total Drawdown.fil!Q__(Feet) 
Feet 

"May not be representative of a well's loni:i term yield. 

Casings Annular Material 
Depth from Borehole 

Type Material Wall Outside Screen Slot Size Depth from 
Surface Diameter Thickness Diameter Type if Any Surface Fill Description 

Feet 10 Feet finches) (Inches\ /Inches\ (Inches) Feet to Feet 
495 515 Blank PVC Sch. 40 SDR21 6 0 20 Cement 

515 535 Screen PVC Sch. 40 SDR21 6 Milled Slots 0.032 20 160 Filter Pack 3/8 Pea Gravel 
535 555 Blank PVC Sch. 40 SDR21 6 160 595 Filter Pack #6 Sand 
555 595 Screen PVC Sch. 40 SDR21 6 Milled Slots 0.032 

Attachments Certification Statement 
D Geologic Log I, the undersigned. certify that this report is complete and accurate to the best of my knowledge and belief 
D Well Construction Diagram Name Weeks Drilling & PumQ ComQani1 

D Geophysical Log(s) 
Person, Finn or Corporation 

P.O. Box 176 • .. ,.. SebastoQol CA 95473 
D Soil/Water Chemical Analyses 1' 1 Address(~ =1J , , City State Zip 

IZl Other Site MaQ Signed lM.0 •, A AA..0.. 10/31/17 177681 
Attach additional information if it exists. p Licensed Water Well C~ tor Date Siqned C-57 License Number 

DWR 188 REV. 1/2006 '-' 
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Well 7::,
1 

r LICATE STATE OF CALIFOR ,A 

' ._ __ _, Requirements WELL COMPLETION REPORT 
Page _ 1_ of _1_ Refer 10 /1u1ruction Pamphlet 

Owner's Well No. ----------- No. 5 3 6 Q 4 3 
Date Work Began 4-13-98 , Ended 4-17-98 

Local Permit Agency Nana County Environmental ·tga,t. 
A Permit No. 96-10212 Permit Date __,l~._-.... 1 ... 3._-~9..,8,.__ _____ _ 
W GEOLOGIC LOG WELL OWNER 

ORIENTATION (L) _x_ VERTICAL _ HORIZONTAL __ ANGLE _ (SPECIFY) Name Robert YeakeI 
DEM'H TO FIRST WATER.__4Q___(Ft.) BELOW SURFACE Mailing Address 2600 SQring Mtn. Road 

DEPTli FROM I DESC RIPTIO N St. Helena CA 94574 SURFACE 

Ft. I Describe material, grain size, color, etc. 
CITY STATE ZIP 

Ft. to WELL LOCATION 
' ' ·17)(() Dutch Henrv Canvon ' ' Address 

O• 40• brovn ela• vith embedded rock City Calistoga 
40: 60; mixed sand & 5travel -· Napa County 
60: 85: Arav volcanic mix - APN Book 18 Page 050 Parcel 4S 
85, 108, blue · uav clay 0( 

108 • 120 • volcanic r.iix ', \ ' 
Tov~rship Range ___ Section 

Latitude I I NORTli Longitude WEST 

120: 12S: liRht brown clav '. DEG. MIN. SEC. DEG. MIN. sec. 

125: 110: volcanic mix 
LOCATION SKETCH X ACT I VITY (L) -

' NORTH L_ NEW WELL 

170• 175• v.rav ash MODIFICATION/ REPAIR 

175 : 190: rvholite (volcanics) hard _ Deepen 

190: 205: '1.rav ash - Other (SpeG,ifY) 

205• 240• hard volcanic rvholite 
' ' 

S'L 
_ DESTROY (Describ& 

' ' Procedures and Materis18 

' ' Under .. GEOLOGIC LOG .. ) 

' ' ... ..- ,_ PLANNED USE(S) 
"' ~ (L) 

' ' w 
3: w _ MONITORING 

' ' ~ ~ ·• 
' ' 1c:c/- -i · WATER SUPPLY 

' ' ....X. Domestic ' ' 
' ' Ktt;tlVtU _ Public 

' ' 
' ' - _ Irrigation 

' ' MAT l Hi I~~ ' ' _ Industrial 

' ' _ "TEST WELL" 

' ' t.NVIRONMENr.iu ... ••• ;,,, •• , •. _ CATliODIC PROTEC· 

' ' SOUTH TION 

' ' Illustrate or Describe Di3tance of Well from Landmarks _ OlliER (Specify) 

' such a., Roads, But/dings, Fences, Rivers, etc. 
' ' PLEASE BE ACCURATE & COMPLE:J'E. 

' ' 
' ' DRILLING Rotari FLUID bentoni te ' ' METHOD 
' ' - WATER LEVEL & YI ELD OF C OMPLETED WELL -' ' 
' ' 

DEPTH OF STATIC 27 
(Ft.) & DATE MEASURED 4-17-98 WATER LEVEL 

' ' ESTIMATED YIELD• 120 air lift (GPM) & TEST TYPE 

TOTAL DEPTH OF BORING 240 
(Fee~ TEST LENGTH __ 2_ (Hrs.) TOTAL DRAWDOWN N;A (Ft.) 

TOTAL DEPTH OF COMPLETED WELL 20 (Feet) • May 1101 be representative of a we/l's long-term yield. 

DEPTH 
C ASI NG(S) DEPTH 

ANNULAR MATERIAL 

FROM SURFACE 
BORE· 

TYPE/ ✓ \ FROM SURFACE 
HOLE TYPE 
DIA. ~ -~ ~ MATERIAL/ INTERNAL GAUGE SLOT SIZE CE· BEN· "' DIAMETER OR WALL IF ANY FILTER PACK (Inches) z .., z,- Ii:: GRADE MENT TONITE FILL 

Ft. Ft. ;::j "'0~ .... (Inches) THICKNESS (Inches) Ft. to Ft. (TYPE/ SIZE) to uU .... (L) (L) (L) .,, .:: 

o: 40 10 X PVC F480 5 SDR-21 u: 22 .lt concrete 
40, 160 X t'V<.,; l•'4u0 .5 ::>UK-21 l ; tJ £~ ' 220 X poa gravel 

160 • l/U X .t"Vt; t·4l:SU j !ilJR-21 ' 
' llU: 210 X t'Vl; F480 ~ SIJ~-~L l / 8 ' ' 

210 , 220 X rvc Y4UU 5 SDR-21 ' 
' ' 

.---- ATTACHMENTS (L) ---.------------- CERTIFICAT IO N STATEMENT ------------. 

_ Geologic Log 

_ Well Construction Diagram 

_ Geophysical Log(s) 

_ Soil/ Water Chemical Analyses 

- Other ________ _ 

ATTACH ADDITIONAL INFORMATION. IF IT EXISTS. 

I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief. 

NAME =...--,~=1ru-==cc= fELDT==~=WE~tJ..~D=R~ I_LL_ IN_G ____________ _ 
(PERSON. FIRM, OR CORPORATION) (TYPED OR PRINTEO) 

2110 Penny Lane Nnps CA 94559 
ADDRESS I I \ t.il--
Signed I'·. n \ f'1 

WELL DRILLER/ AUTHORIZED R£PR£SENTATIVll DATE SIGNED 

CITY 

4-21-98 
STATE ZIP 

439-746 
C-57 LICENSE NUMBER 

OWR 188 REV. 7-90 IF ADOJTIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM 



Well 8

Notice of Intent No. ________ _ 

Local Permit No. or Date ______ _ 

STATE OF CALIFO RNIA 

THE RESOURCES AGENCY 

D EPARTM ENT O F WATER RESOURCE S 

WATER V\:ELL DRILLERS REPORT 

Do not fill in 

No. 384889 
State Well No. ________ _ 

Other Well No. ---------

(12) WELL LOG: Total depth ---220.. ft. Completed depth ___ ft. 

(2) LOCATION OF WELL (See instructions): 
County Napa 
Well address if different from above ...Ll!Lll~[L.tl:mJ~....L.aJ~Q[LJ~4'L ~ -__:wu.::__lJl!l. _ _ .L:11:,.......tU)lllaQ...A...1:iaLlt.....BOC1_.::,,1.!:.ll'1g 
Township _______ Range _____ _ 

(3) TYPE O F WORK: 

New Well ~ Deepening D ~-__JUIJ.,___ -'-~~ W -.....&...&..~.ull,¥.....:l.U.::.UIY-..DCU:U---Ulcet;SlUW\;k 

Reconstruction 

Reconditioning 

□~--~~-~UIJipeirat.ua~~----

H orizontal Well 

□1-----_,..,.<:>o.--::,.,._----.,£.,,1.::,.....---------­

□1-------~l.,-----,c;:::,,.--,..,.t..,..<>,..----------

WELL LOCATION SKETCH 

(5) EQUIPMENT: 

Rotary IXI 
Cable 0 
Other 0 

Reverse 0 
Air 

(7) CASING INSTALLED: 

Steel 0 

From 
ft. 

(9) WELL SEAL: 
Was surface sanitary seal provided? Yest) 

Were strata sealed again.st pollution? Yes 0 
Method of sealing 

(10) WATER LEVELS: 

Domestic 

l I 

;:::::;:i ~ 
Test Well \..'\J 

·ci 

Depth of first water, if known --------------------- ft. This well was drilled under mv jurisdiction and this report is true to the 
Standing level after well completion ft. best of my know 'dge and belie). 
--- - - ------------------------< 
(11) WELL TESTS: 
Was well test made? Yes O No O If yes, by whom? _______ _ 

Typeoftest Pump D BaUer D Airlift D NAMEl,j!liaiEll.n!~W:~~~w•.._----,----,-----,---...:....---
Oepth to water at start of test ___ ft. At end of test ____ ft. (Person, firm, or corporation) (Typed or printed) 

Discharge - - - gal/ min after --- hours Water temperature ------< Address 536£ Napa Vall eJ 8 M ighway 
Chemical analysis made? Yes o No o If yes, by whom? City Val leJo ZIP --"94--'-'58aa.=.ac9 __ _ 

License No. 258826 Date of this report 4-14-92 Wa,; electric log made Yes O No O If yes, attach copy to this report 

OWR 188 (REV. 12,86) 
IF ADDITION AL SPACE IS NEEDED, USE N EXT CONSECUTIVELY N UMBERED FORM 

86 96355 



Well 9.________.~AL STATE OF CALIFORNIA Do not /ill in 
File with DWR 

THE RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES No. 103496 .~ 
Alo£ Intent Xo. 

~ennit !'so. or Date, ______ _ 

\-VATER WELL DRILLERS REPORT 
tJ/~ tJ60 004 

?-'!>~ 
State \Yell Xo. _________ _ 

Other Well Xo.t2 9iJ06uJ 2 *R., . 
(1) 

Addi 

City_ 

(3) TYPE OF WORK: 
c',"ew Well ~ Deepening 0 

( 12) WELL LOG: Total dep~th~ __ ft_ Depth of completed w~el._l __ _,ft. 
from ft. to ft. Formation ( Descnbe by color, character, size or materiaJ J 

0 -5 soil 

act rock w stringers 

t-----~...---------,,+-----------------Re<-onstruction 

Reconditioning 

Horizontal Well 

Domestic 

Sloe 

Municip 

□ 

,__--------------~~-

::::~ 
T~Vell ~ 

WE LL LOCATION SKETCH 

( 5) EQt;"'IP~IE:-O"T, ( 6) 

Rotary IX 
Cable C 

Other D 

Reverse 

Air 

(7) CASING ISSTALLED: 

Steel [X. 

From 
ft. 

0 

(9) WELL SEAL: 
Was <u:rface sanitary seal provided? Yes ~ ~o C If yes, to deptb~~---ft. 
Were strata sealed again.st pollution? Yes 0 No ~ Interv~al _____ ft. 
Method of sealina C em e 
( 10) WATER LE\''ELS, 
Depth of &rst water, iJ Jcno"~--=2...,5"--------------•~ 
StandiDg level after well completion 2 5 ft. 
( 11) WELL TESTS: 
Was well te<t made? Yes ~ 
Type of test Pump ;:: 

No D If yes, by whom? _ _.:,:dc::r:.....=.i,;;l;.cl=ec.;r,__-l 
Bailer O Air lift ~ 

Depth to water at start of test 2 5 ft. At end of tes.._t ___ ft 

-

- a.rge 5 0 gali mi.n afte,,._ __ __.,ours 

co.I analysis made? Yes C No ~ If yes, by whom? _______ _, 

\Vater temperature ___ -! 

Was electric log made? Yes O No [:li1 If >·es, attach copy to this report 

Complet 

WELL DRILLER'S STATE~IE.l\T: 
ThiJ teel1 r.cas drilled under my iumdiction and thiJ report is true to the best of my knowledge and belief. 

SIGJ\"'ED ~--:z/4~ 0Vel! Driller) 

Doshier & Gregson Drilling, Inc NAME·------:-::------::-----~---:--:-=-----::------:-::"-'------S 3 i='fq firm,, or C~rP')q,tion) ,( Typed or printed) 
Address :::> apa val leJ O Hwy 
cuv Va 11 ej o, Ca ·p 94589-9679 
Lic~nse No 2 9 4 Q Q 1 Date of this report 3 / 8 / 8 2 

DWR I BB fREV. 7.75; IF ADDITIONAL SPACE IS NEEDED. USE NEXT CONSECUTIVELY NUMBERED FORM 



Well 10

N(_itlce rif:""1ntent ,Ni.>:-.=--~~~-c-c-'~~--­

t:o~a\ fiti:i..tiit ,NJr. ~or~J?~lff;h_~·~· -~-~·{;~~---~~·~ 

~ .- STAT!,:'ClF C/\~Jf:'OR!!!li 

·TH;E, RESOb'RCES AGENC,Y, . 

D.EP .AR'FMENT OF; WATER: RESoulicES 
_ .. - .. -- .. _,--.. --~--~-.;,__:- ·-. ''. ;.,·\_:~ -· -_ • . ·,·- - , ~ . ·:. 

WATER W;ELL. D'.8TLI.ERS0 .JIB·PO'R.T 
. . . .· ·-. :"'I·: ' '.;· ~ . ~; . - ,;·. -~ -· .. . 

. . . -. --

I( . • ).3~:o~:.921 
. , .. ,. · ~-·n~'ri.<ft fil(irt 

, , Siate \v~Jl"j''f,'.-: ----:--...-,---~-,.. 
o~e, w,e!L J\f,,,_·_:-"-'--~'-"--'--"~~-~--~-

Dy,iR 1sfl (RE,Y.•'7'76) · fF A·cp1T1o~~AL ~PAeE:.:ts r{EE□ Ei:>. (Jsi:: -NE:~Cff••c6.Ns,EcuT'tVEL~'N.l!M.BE'REP tPRM 
• ' ; "i. ..... \. 



Well 11I I 
ORIGINAL 
File with DWI 

STATS OF CALIFORNIA 

nm RBS0URCBS AGENCY' 

DEPARTMENT OF WATER RESOURCES 
I 

Do not ftll m 

No. 384891 
• Notice of Intent No. ______ _ 

Local Permit No. or Date ____ _ 

WATER T·1 DRILLERS REPORT 

I -
State Well No. 91N O'(./V 
Other Well No. -------

• 

• 

(12) WELL LOG: Total depth _5.5.0... ft. ·Completed¥-- ft 

(i) LOCATION OF WELL See instructiom): 
County Napa · · 
Well address If different from 
Towmhip _____ _ 

Distance from cities, roads, railroads, fencm, etc. ---------f-_.....,....__......,._,__.......,....,....,..~~-.....,......._.....,........,&&!,,IL...U.......,,.._ 

----------------------"------,+---..c;..w.-"""""-"'---........ ""¥~~..au..i..wio....Al~~w.i..M..-1~t . 

(5) F.QUIPMENT: 

Rotary IKl 
. Cable □ 

Other □ 

From 
ft. 

(3) TYPE OF WORK: I--___..L.ol._..o,L,lu,r_~ ...... ...._-¥111..,.. ........ CLLL,1~.....i.J.11,A,r,1:lo....l,IW,L,.W....L..l..l~t 

New Well !Kl Deepening Ot-__.,.......,,__~-~~.......,-r+-__.._......_......_.......,.......,........,~.....__-
0t--".u...'--7'6-"9'--_.,,..~.u..........,._._........i,___....,......_.....,. ........ '-'¥'......,..._ 
□1-----,~T""-.U.U..r...i..i;;;"t9_~-------­
Dt----=~'-.....3~n---1U.Ul"'-!"!!,--'ll~~ .......... ~Jli--L---'-......... ---'-'-'c...u,jr------

Destructian □ ~ 
destmclion oiaterlaJs and pro-
. cedures In Item 12) · 1--~~~~-----~~~-J-+---llf~~.,,_-_..,l,&,L..,~~ 

.(4) PROPOSED U 
Domestic 

DWR 188 CRBV. ,a-aei - J!" ADDITIONAL SPACE lS NEEDED, USB NEXT CONSECUTIVELY NUMBSRSD FORM .:86 '6.1.55 
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O’Connor Environmental, Inc.    www.oe-i.com  (707) 431-2810     
Hydrology & Hydraulics ▪ Hydrogeology ▪ Geomorphology  
P.O. Box 794, Healdsburg, CA 95448   
    

 

Napa County Groundwater Recharge Analysis 
 

Introduction 
Developing accurate estimates of the spatial and temporal distribution of groundwater recharge 
is a key component of sustainable groundwater management.  Efforts to quantify recharge are 
inherently difficult owing to the wide variability of factors controlling hydrologic processes, the 
wide range of available tools/methods for estimating recharge, and the difficulty in assessing the 
accuracy of estimates because direct measurement of recharge rates is, for the most part, 
infeasible (Healy 2010, Seiler and Gat 2007).  

Numerical modeling is a common approach for developing recharge estimates.  Soil-water- 
balance modeling is one category of numerical models particularly well-suited for estimating 
recharge across large areas with modest data requirements.  This study describes an application 
of the U.S. Geological Survey’s (USGS) Soil Water Balance Model (SWB) (Westenbroek et al. 2010) 
to develop spatial and temporal distributions of groundwater recharge across Napa County.  This 
model operates on a daily timestep and calculates surface runoff based on the Natural Resources 
Conservation Service (NRCS) curve number method and potential evapotranspiration based on 
the Hargreaves-Samani methods (Hargreaves and Samani 1985).  Actual evapotranspiration (AET) 
and recharge are calculated using a modified Thornthwaite-Mather soil-water-balance approach 
(Westenbroek et al. 2010). 

It is important to note that the SWB model focuses on surface and soil-zone processes and does 
not simulate the groundwater system or track groundwater storage over time.  The model also 
does not simulate surface water/groundwater interaction or baseflow; thus, the runoff estimates 
represent only the surface runoff component of streamflow resulting from rainstorms and the 
recharge estimates represent only the infiltration recharge component (also referred to as 
diffuse recharge) of total recharge (stream-channel recharge is not simulated). 
 
This modeling work and summary report has been prepared by O’Connor Environmental, Inc., 
for it’s private use in relation to Water Availability Analyses (WAA) prepared on behalf of 
private clients for projects using groundwater in “hillside” areas of Napa County as required by 
Napa Planning, Building & Environmental Services.  The modeling to-date is complete in its 
current form but remains subject to revision; it is considered a working draft with information 
suitable for use to support WAA projects. Parties interested in obtaining more information 
regarding the modeling or who may wish to offer comments should contact O’Connor 
Environmental, Inc.   
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Model Development 
The model was developed using a 30-meter (98.4 ft) resolution rectangular grid.  Water budget 
calculations were made on a daily time step.  Key spatial inputs included a flow direction map 
developed from the USGS 1 arc-second resolution Digital Elevation Model (DEM), a land cover 
map derived from the U.S. Forest Service (USFS) CALVEG dataset that was supplemented by a 
database of agricultural areas maintained by the County of Napa (Figure 1), a distribution of 
Hydrologic Soil Groups (A through D classification from lowest to highest runoff potential;        
Figure 2), and a distribution of Available Water Capacity (AWC) developed from the NRCS Soil 
Survey Geographic Database (SSURGO) (Figure 3).   
 
A series of model parameters were assigned for each land cover type/soil group combination 
including an infiltration rate, a curve number, dormant and growing season interception storage 
values, and a rooting depth (Table 1).  

Infiltration rates for hydrologic soil groups A through D were applied based on Cronshey et al. 
(1986) (Table 2) along with default soil-moisture-retention relationships based on Thornthwaite 
and Mather (1957) (Figure 4).  Curve numbers were assigned based on standard NRCS methods.   
Interception storage values and rooting depths were assigned based on literature values and 
from previous modeling experience including a SWB model covering Sonoma County and 
calibrated using runoff volumes from several stream gages (OEI 2017).    

  

l·I WI 
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Figure 1: Land cover distribution used in the Napa County SWB model. 
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Figure 2: Hydrologic soil group distribution used in the Napa County SWB model. 
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Figure 3: Available water capacity distribution used in the Napa County SWB model. 
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Table 1: Soil and land cover properties used in the Napa County SWB model. 

 

 

Table 2: Infiltration rates for NRCS hydrologic                                                                                                                            
soil groups (Cronshey et al. 1986). 

    

 

 

 

 

 

 

 

 

 
                                          Figure 4: Soil-moisture-retention table  
                 (Thornthwaite and Mather 1957).  

Growing 

Season

Dormant 

Season
Type A Type B Type C Type D Type A Type B Type C Type D

Agriculture, Other 0.080 0.040 38 61 75 81 2.0 1.9 1.8 1.7

Barren 0.000 0.000 77 86 91 94 0.0 0.0 0.0 0.0

Developed 0.005 0.002 61 75 83 87 2.3 2.1 2.0 1.8

Grassland/Herbaceous 0.005 0.004 30 58 71 78 1.3 1.1 1.0 1.0

Forest, Coniferous 0.050 0.050 30 55 70 77 5.9 5.1 4.9 4.7

Forest, Deciduous 0.050 0.020 30 55 70 77 5.9 5.1 4.9 4.7

Shrub/Scrub 0.080 0.015 30 48 65 73 3.2 2.8 2.7 2.6

Orchard 0.050 0.015 38 61 75 81 3.2 2.8 2.7 2.6

Vineyard 0.080 0.015 38 61 75 81 2.2 2.1 2.0 1.9

Water 0.000 0.000 100 100 100 100 0.0 0.0 0.0 0.0

Curve Number by

NRCS Soil Type ()

Rooting Depth by

NRCS Soil Type (ft)

Interception

Storage Values ()
Land Cover

Infiltration 

Soil Group Rate (in/hr) 

A > 0.3 

B 0.15 - 0.3 

C 0.05 - 0.15 

D <0.05 
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The current analysis focuses on Water Year 2010 (October 1, 2009 – September 30, 2010) and 
Water Year 2014 (October 1, 2013 – September 30, 2014).  These years were selected because 
they represent periods with data available from most weather stations in the county and where 
most stations reported annual precipitation totals close to the long-term average (WY 2010) and 
significantly below the long term average (WY 2014).  Based on a comparison between station 
data and PRISM average precipitation depths during Water Year 2010, rainfall averaged 101% of 
long-term average conditions and ranged from 78% at Lake Hennessey to 111% at the Napa 
County Airport.  In Water Year 2014, rainfall averaged 55% of long-term average conditions and 
ranged from 41% at Lake Hennessey to 73% at the Napa State Hospital (Table 3). 

Table 3: Weather stations used in the Napa County SWB model.  See Figures 7- 9 for associated timeseries. 

 
 

1 – Data accessed from California Data Exchange Center (CDEC) 
2 – Data accessed from National Climate Data Center (NCDC) 
3 – Data access from Napa One Rain 

Precip (in) % Avg Precip (in) % Avg

Angwin1 Precip & Temp 42.54 44.64 105% 25.04 59%

Atlas Peak1 Precip & Temp 41.76 39.04 93% 20.08 48%

Berryessa1 Precip & Temp 28.97 28.16 97% 13.97 48%

Calistoga2 Precip 39.41 41.75 106% 18.18 46%

Knoxville Creek1 Temp Only - - - - -

Lake Hennessey3 Precip Only 34.09 26.52 78% 13.92 41%

Mt. George3 Precip Only 31.15 29.64 95% 18.24 59%

Mt. Veeder3 Precip Only 44.81 46.44 104% 28.6 64%

Napa County Airport2 Precip & Temp 21.14 23.56 111% 9.87 47%

Napa River at Yountville Cross Rd3 Precip Only 31.86 32.72 103% 14.93 47%

Napa State Hospital2 Precip & Temp 26.81 28.85 108% 19.66 73%

Petrified Forest3 Precip Only 42.39 46.6 110% 22.84 54%

Redwood Creek At Mt. Veeder Road3 Precip Only 34.71 37.36 108% 23.48 68%

Saint Helena2 Precip & Temp 37.43 39.11 104% 19.11 51%

Saint Helena 4WSW1 Precip & Temp 45.44 47.88 105% 28.88 64%

Sugarloaf Peak3 Precip Only 32.20 26.16 81% 17.12 53%

WY 2010 WY 20141981 - 2010 Mean 

Annual Precip (in)
Data UsedStation
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Figure 5: Precipitation zones used in the Napa County SWB model. Hatching indicates areas where two 
precipitation records were averaged across a zone. 
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Figure 6: Temperature zones used in the Napa County SWB model.  Hatching indicates areas where two 
temperature records were averaged across a zone. 
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Figure 7a: Daily precipitation data used in the Napa County SWB model for WY 2010. 
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Figure 7b: Daily precipitation data used in the Napa County SWB model for WY 2014. 
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Figure 8: Daily minimum and maximum temperature data used in the Sonoma County SWB model for WY 2010. 
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Figure 8 – cont. 
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Figure 9: Daily minimum and maximum temperature data used in the Sonoma County SWB model for WY 2010. 
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Figure 9 – cont. 
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Estimates of groundwater recharge are also available from an earlier model prepared by Luhdorff 
and Scalmanini Engineers and MBK Engineers (LSCE 2013).  This report provided estimates of  
average annual recharge as a percentage of average annual precipitation for nine watersheds in 
Napa County.  Averaged across the same nine watersheds, the SWB model predicts significantly 
higher rates of recharge than the model prepared by LSCE, which predicts slightly lower AET but 
significantly more runoff (Table 4).  Differences in methodology between these two models 
complicate direct comparisons.  The LSCE model calculated infiltration into the soil as the 
difference between monthly precipitation and discharge volumes within each watershed.  
Discharge volumes were calculated from USGS stream gages and included both direct runoff and 
baseflow from groundwater.  Inclusion of baseflow with direct runoff in these calculations may 
inappropriately reduce the estimated volume of water infiltrated into the soil and available for 
recharge. 

Table 4: Comparison of results from SWB model and Luhdorff and Scalmanini model.   

 

Model Results 
The principal elements of the annual water budget simulated with the Napa County SWB model 
for Water Years 2010 and 2014 are presented in map form in Figures 10 - 19 and in tabular form 
for 27 major watershed areas in Napa County (Tables 5 - 8). The watersheds are based on USGS 
HUC-12 watersheds and are named for the stream which comprises the largest proportion of the 
area; in many cases the areas consist of multiple tributary streams (Figure 20).   

In Water Year 2010 (representing “average” hydrologic conditions) precipitation varied from 21.8 
inches in the Ledgewood Creek watershed to 53.3 inches in the Saint Helena Creek watershed 
(Figure 10, Table 5).  Actual evapotranspiration (AET) ranged from 13.4 inches in the Jackson 
Creek watershed to 25.2 inches in the Saint Helena Creek watershed (Figure 11).  Surface runoff 
ranged from 3.4 inches in the Ledgewood Creek watershed to 13.5 inches in the Saint Helena 
Creek watershed (Figure 12).  Recharge ranged from 3.3 inches in the Ledgewood Creek 
watershed to 14.4 inches in the Saint Helena watershed. (Figure 13).  Small decreases in soil 
moisture storage (up to 1.8 inches) occurred in most watersheds, with changes in most 

SWB LSCE SWB LSCE SWB LSCE

Conn Ck nr Oakville 11456500 34.8 59% 53% 21% 25% 21% 21%

Dry Ck nr Napa 11457000 41.5 56% 50% 18% 43% 25% 6%

Milliken Ck nr Napa 11458100 32.3 52% 41% 20% 51% 28% 8%

Napa Ck at Napa 11458300 36.6 61% 43% 16% 46% 23% 11%

Napa R nr Napa 11458000 39.5 56% 48% 20% 35% 24% 17%

Napa R nr St Helena 11456000 47.9 46% 45% 23% 42% 30% 14%

Redwood Ck nr Napa 11458200 39.6 53% 49% 26% 40% 22% 10%

Tulucay Ck nr Napa 11458300 27.0 64% 49% 16% 47% 20% 5%

Mean AET, 2010 

(% Precip)

Mean Runoff, 

2010 (% Precip)

Mean Recharge, 

2010 (% Precip)
Mean Precip, 

2010 (in)
HUCUSGS Gage
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Figure 10: Water Year 2010 precipitation simulated with the Napa County SWB model. 
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Figure 11: Water Year 2010 AET simulated with the Napa County SWB model. 
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Figure 12: Water Year 2010 runoff simulated with the Napa County SWB model. 
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Figure 13: Water Year 2010 recharge simulated with the Napa County SWB model. 
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Figure 14: Water Year 2010 change in soil moisture content simulated with the Napa County SWB model. 
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Figure 15: Water Year 2014 precipitation simulated with the Napa County SWB model. 
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Figure 16: Water Year 2014 AET simulated with the Napa County SWB model. 
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Figure 17: Water Year 2014 recharge simulated with the Napa County SWB model. 
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Figure 18: Water Year 2014 recharge simulated with the Napa County SWB model. 
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Figure 19: Water Year 2014 change in soil moisture content simulated with the Napa County SWB model. 
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Table 5: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2010 expressed as depths.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 24.1 16.3 3.7 4.7 -0.6

Bucksnort Creek 1.9 47.9 24.5 12.1 11.1 0.1

Butts Creek-Putah Creek 49.9 33.0 17.4 9.7 6.2 -0.7

Capell Creek 43.0 31.1 19.1 7.4 5.0 -0.6

Carneros Creek 29.7 28.0 18.6 5.2 5.5 -0.6

Chiles Creek 32.0 34.6 21.1 7.1 6.8 -0.5

Dry Creek 28.8 37.0 22.2 7.2 8.4 -0.5

Hunting Creek 12.0 33.7 19.0 9.7 5.7 -0.8

Jackson Creek-Putah Creek 54.5 29.9 13.4 12.6 3.0 -0.5

Lake Curry-Suisun Creek 16.4 30.7 18.9 6.5 5.9 -0.6

Lake Hennessey-Conn Creek 20.0 35.1 19.6 8.5 7.3 -0.4

Ledgewood Creek 6.4 21.8 16.9 3.4 3.3 -1.8

Lower Eticuera Creek 44.0 30.0 17.7 8.1 4.7 -0.7

Lower Napa River 45.0 31.7 19.9 5.6 6.7 -0.6

Lower Pope Creek 31.8 33.9 18.0 9.7 6.5 -0.6

Maxwell Creek 35.1 34.7 19.6 8.7 6.9 -0.6

Middle Napa River 60.3 39.9 22.8 8.5 9.2 -0.5

Milliken Creek 29.7 30.9 16.9 6.6 7.9 -0.6

Rector Creek-Conn Creek 22.3 32.8 18.0 7.1 8.2 -0.7

Saint Helena Creek 7.7 53.3 25.2 13.5 14.4 0.1

San Pablo Bay Estuaries 19.5 23.9 8.1 13.8 2.3 -0.3

Tulucay Creek 34.2 26.1 16.7 4.6 5.4 -0.7

Upper Eticuera Creek 25.6 31.2 17.2 8.6 6.1 -0.8

Upper Napa River 44.6 44.7 23.6 10.6 10.8 -0.4

Upper Pope Creek 21.7 44.5 22.7 10.5 11.5 -0.3

Wooden Valley & Suisun Creeks 23.3 29.0 19.0 5.1 5.5 -0.6

Wragg Canyon-Putah Creek 34.2 28.3 16.3 8.6 3.3 -0.6
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Table 6: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2010 expressed as a percentage of precipitation.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

Name
Drainage 

Area (mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

American Canyon Creek 10.8 24.1 67% 15% 19% -3%

Bucksnort Creek 1.9 47.9 51% 25% 23% 0%

Butts Creek-Putah Creek 49.9 33.0 53% 29% 19% -2%

Capell Creek 43.0 31.2 61% 24% 16% -2%

Carneros Creek 29.7 29.7 66% 19% 20% -2%

Chiles Creek 32.0 34.6 61% 21% 20% -1%

Dry Creek 28.8 37.8 60% 20% 23% -1%

Hunting Creek 12.0 33.7 56% 29% 17% -2%

Jackson Creek-Putah Creek 54.5 29.7 45% 42% 10% -2%

Lake Curry-Suisun Creek 16.4 30.7 61% 21% 19% -2%

Lake Hennessey-Conn Creek 20.0 36.0 56% 24% 21% -1%

Ledgewood Creek 6.4 21.8 77% 15% 15% -8%

Lower Eticuera Creek 44.0 30.0 59% 27% 16% -2%

Lower Napa River 45.0 31.7 63% 18% 21% -2%

Lower Pope Creek 31.8 33.9 53% 29% 19% -2%

Maxwell Creek 35.1 34.7 56% 25% 20% -2%

Middle Napa River 60.3 40.4 57% 21% 23% -1%

Milliken Creek 29.7 30.9 55% 21% 26% -2%

Rector Creek-Conn Creek 22.3 32.8 55% 22% 25% -2%

Saint Helena Creek 7.7 53.3 47% 25% 27% 0%

San Pablo Bay Estuaries 19.5 23.9 34% 58% 10% -1%

Tulucay Creek 34.2 26.1 64% 18% 21% -3%

Upper Eticuera Creek 25.6 31.2 55% 28% 19% -3%

Upper Napa River 44.6 44.7 53% 24% 24% -1%

Upper Pope Creek 21.7 44.5 51% 23% 26% -1%

Wooden Valley & Suisun Creeks 23.3 29.0 65% 18% 19% -2%

Wragg Canyon-Putah Creek 34.2 28.3 58% 31% 12% -2%



DRAFT  October 3, 2019 

 

Page 32 of 36  

Table 7: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2014 expressed as depths.  See Figure 20 for watershed locations.  

 

 

 

 

 

 

 

 

 

 

 

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (in)

Surface 

Runoff (in)
Recharge (in)

Soil Moisture 

Change  (in)

American Canyon Creek 10.8 10.1 12.3 0.7 0.7 -3.6

Bucksnort Creek 1.9 28.8 17.6 11.5 2.6 -3.0

Butts Creek-Putah Creek 49.9 16.9 14.2 3.9 1.9 -3.2

Capell Creek 43.0 15.8 14.8 3.1 1.1 -3.1

Carneros Creek 29.7 15.0 14.7 4.6 2.0 -3.7

Chiles Creek 32.0 18.3 16.5 3.7 1.5 -3.3

Dry Creek 28.8 21.5 16.5 6.8 2.5 -3.7

Hunting Creek 12.0 16.7 15.4 3.1 1.6 -3.4

Jackson Creek-Putah Creek 54.5 14.9 10.3 6.1 0.7 -2.3

Lake Curry-Suisun Creek 16.4 18.4 16.1 3.7 1.9 -3.4

Lake Hennessey-Conn Creek 20.0 19.1 14.8 5.7 2.2 -3.2

Ledgewood Creek 6.4 12.2 13.9 1.7 0.8 -4.3

Lower Eticuera Creek 44.0 14.9 14.0 2.6 1.3 -3.1

Lower Napa River 45.0 19.4 15.9 5.0 2.2 -3.6

Lower Pope Creek 31.8 17.8 14.5 4.5 2.0 -3.2

Maxwell Creek 35.1 18.3 15.9 3.8 2.0 -3.3

Middle Napa River 60.3 21.3 16.5 6.6 2.5 -3.7

Milliken Creek 29.7 18.7 13.7 4.5 3.4 -2.9

Rector Creek-Conn Creek 22.3 16.5 13.6 4.0 2.3 -3.4

Saint Helena Creek 7.7 32.2 17.8 13.2 4.1 -3.0

San Pablo Bay Estuaries 19.5 10.4 6.0 5.6 0.5 -1.6

Tulucay Creek 34.2 14.6 13.5 2.6 1.7 -3.3

Upper Eticuera Creek 25.6 15.5 14.1 2.5 2.1 -3.2

Upper Napa River 44.6 22.9 16.2 6.9 3.3 -3.5

Upper Pope Creek 21.7 25.6 16.8 8.5 3.5 -3.2

Wooden Valley & Suisun Creeks 23.3 17.9 16.4 3.1 2.0 -3.5

Wragg Canyon-Putah Creek 34.2 14.1 12.6 3.6 0.6 -2.8
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Table 8: Simulated precipitation and recharge values averaged across HUC-12 watersheds in Napa County for 
Water Year 2014 expressed as a percentage of precipitation.  See Figure 20 for watershed locations.  

 

 

 

 

 

  

Name
Drainage Area 

(mi2)

Precipitation 

(in)
AET (%)

Surface 

Runoff (%)
Recharge (%)

Soil Moisture 

Change  (%)

American Canyon Creek 10.8 10.1 121% 7% 7% -36%

Bucksnort Creek 1.9 28.8 61% 40% 9% -10%

Butts Creek-Putah Creek 49.9 16.8 84% 23% 11% -19%

Capell Creek 43.0 15.8 94% 20% 7% -20%

Carneros Creek 29.7 17.6 98% 30% 13% -25%

Chiles Creek 32.0 18.4 90% 20% 8% -18%

Dry Creek 28.8 22.1 77% 32% 12% -17%

Hunting Creek 12.0 16.7 92% 18% 10% -20%

Jackson Creek-Putah Creek 54.5 14.7 69% 41% 5% -16%

Lake Curry-Suisun Creek 16.4 18.4 88% 20% 10% -19%

Lake Hennessey-Conn Creek 20.0 19.6 78% 30% 12% -17%

Ledgewood Creek 6.4 12.2 114% 14% 7% -35%

Lower Eticuera Creek 44.0 14.9 94% 18% 9% -21%

Lower Napa River 45.0 19.4 82% 26% 11% -19%

Lower Pope Creek 31.8 17.8 81% 25% 11% -18%

Maxwell Creek 35.1 18.3 87% 21% 11% -18%

Middle Napa River 60.3 21.8 77% 31% 12% -18%

Milliken Creek 29.7 18.7 74% 24% 18% -16%

Rector Creek-Conn Creek 22.3 16.5 83% 24% 14% -21%

Saint Helena Creek 7.7 32.2 55% 41% 13% -9%

San Pablo Bay Estuaries 19.5 10.4 58% 53% 4% -16%

Tulucay Creek 34.2 14.6 93% 18% 12% -23%

Upper Eticuera Creek 25.6 15.5 91% 16% 14% -21%

Upper Napa River 44.6 22.9 71% 30% 14% -15%

Upper Pope Creek 21.7 25.6 66% 33% 14% -12%

Wooden Valley & Suisun Creeks 23.3 17.9 91% 17% 11% -20%

Wragg Canyon-Putah Creek 34.2 14.1 90% 26% 5% -20%
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Figure 20: Major watersheds areas used to summarize water budget information in Tables 5 - 8. 
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Discussion and Conclusion 

Numerous previous modeling studies have estimated water budget components in several larger 
watershed areas in Sonoma and Napa Counties including the Santa Rosa Plain, the Green Valley 
and Dutch Bill Creek watersheds, and the Sonoma Valley (Farrar et. al., 2006; Kobor and 
O’Connor, 2016; Woolfenden and Hevesi, 2014).  Comparisons to these water budgets are useful 
for evaluating the SWB results, but one would not expect precise agreement owing to significant 
variations in climate, land cover, soil types, underlying hydrogeologic conditions, and different 
spatial scales of modeling studies.  These regional analyses estimate that average annual 
recharge varies from 7% to 19% of the annual precipitation.  The equivalent county-wide value 
from this study is slightly higher at 20%.  

Water budgets for the Napa River and selected sub-basins were also estimated in a previous 
study by Luhdorff and Scalmanini Engineers and MBK Engineers (LSCE 2013).  The LSCE study 
estimated that, as a percentage of annual precipitation, AET comprised slightly less, runoff 
significantly more, and recharge substantially less of the typical annual water budget.  LSCE 
(2013) calculated infiltration of precipitation based on the difference between total monthly 
streamflow at selected gaging stations and total monthly precipitation for the gages’ drainage 
area.  Streamflow volumes include both direct runoff (overland flow and interflow) and baseflow 
from groundwater.  Inclusion of baseflow with direct runoff in these calculations may 
inappropriately reduce the estimated volume of water infiltrated into the soil and available for 
recharge; the LSCE approach therefore tends to underestimate groundwater recharge.   
Additionally, many of the gauging stations used for the analysis are located in reaches that may 
be significantly influenced by upstream reservoir releases, surface water diversions, groundwater 
abstraction, and/or surface water groundwater exchanges, further complicating the 
interpretation of the LSCE (2013) runoff rates and the interrelated calculations of AET and 
recharge rates.  In contrast, the SWB model presented here is based on calibrated parameter 
values developed for a similar model in Sonoma County which was calibrated to gauges 
specifically selected to minimize the effects of reservoir releases, water use, or significant surface 
water/groundwater interaction, and after separating and removing the baseflow component of 
streamflow.  

The recharge estimates presented here arguably represent the best available county-wide 
estimates produced at a fine spatial resolution using a consistent and objective data-driven 
approach.  This analysis focused on two Water Years, 2010 and 2014, which represent average 
and drought conditions respectively.  Input parameters were determined based on literature 
values and values calibrated through prior modeling experience in Sonoma County. 
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