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Figure 1
Area Geology
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates

Base map: C.A. Hall, Jr., W.G. Ernst, S.W. Prior,
and J.W. Wiese - Geologic map of the San Luis Obispo-
San Simeon Region, U.S.G.S. Miscellaneous Investigations
Series, Map I-1097, Published 1979

Qal - Alluvium
Qs - Dune sand
Qls - Landslide
Tpm/Tpe - Pismo Fm.
Tmb - Monterey Fm.
Tv - Vaqueros sandstone
Ks - Cretaceous sandstone
KJfm/KJfmv - Franciscan Fm.
Ja - Ophiolite
s - Serpentinite
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Highway 1 Well Field Production

1966-2006
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Figure 2
Highway 1 Well Field Production
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates









Figure 3
September 2007 Crop Survey
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates
Field reconnaissance September 2007
using aerial photograph as base map

20000

scale in feet

Legend:

Avocados
Oranges
Pasture
Truck Crop
Field Crop
Fallow

lettuce
cabbage
broccoli
bok choy
cucumbers
artichoke
onions
squash
peppers

lettuce
peppers
cilantro

peppers

peppers

sudan grass

squash

peppers
onions

tomatoes
peppers

Pacific
Ocean

Highway 41

H
ig

h
w

a
y

1

City
well
field















Drinking water limit (45 mg/l as NO )3

Figure 4
Well MB-3
Nitrate Concentrations
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates
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Figure 5
Well MB-3
Seasonal Correlations 1984-1992
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates
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Nitrate results
Morro Basin Nitrate Study
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Figure 6
Nitrate Concentrations
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates
Base Maps: U.S.G.S. topographic map, Morro Bay North, 1995

and Morro Bay South, 1994
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Figure 7
Stiff Diagrams
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates

Base Map: U.S.G.S. topographic map, Morro Bay North, 1995
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Figure 8
Piper Diagram
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates
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Figure 10
Well and Sewer Pipe Locations
Morro Basin Nitrate Study
City of Morro Bay
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Daily WWTP Plant Inflow
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates

Flow charts reproduced from:
MRS, 2005
MRS, 2006

2006 timing advanced slightly to
match 2005 weekly fluctuations
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Figure 12
Ground Water / Wastewater Mixing
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates
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City of Morro Bay
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Isotope Data Interpretation
Morro Basin Nitrate Study
City of Morro Bay
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Figure 15
Recharge Dynamics
Morro Basin Nitrate Study
City of Morro Bay

Cleath & Associates
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City Well Production in Morro Basin 
1966-2006

Year All City Wells in  Basin Highway 1 Wells Only
(acre-feet) (acre-feet)

1966 585 252
1967 663 227
1968 641 299
1969 547 287
1970 732 373
1971 643 382
1972 581 379
1973 509 325
1974 529 342
1975 578 399
1976 581 433
1977 434 345
1978 458 344
1979 506 386
1980 559 537
1981 561 560
1982 535 533
1983 547 546
1984 588 588
1985 582 582
1986 550 525
1987 541 491
1988 528 522
1989 512 507
1990 549 409
1991 427 362
1992 270 270
1993 397 397
1994 448 448
1995 427 427
1996 237 237
1997 249 249
1998 0 0
1999 0 0
2000 0 0
2001 0 0
2002 32 32
2003 29 29
2004 213 213
2005 150 150
2006 79 79
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Water Level Hydrograph for 
Well MB-4
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Water Level Hydrograph for 
Well MB-13
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Water Level Hydrograph for 
Well MB-14
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Water Level Hydrograph for 
Well MB-15
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Subsurface Inflow
through Narrows

Historical Conditions (1980's)

Width of basin at narrows 800 ft
average saturated thickness 30 ft
Cross-sectional flow area 24000 ft sq.
Aquifer hydraulic conductivity (K) 40 ft/day
Hydraulic gradient (i) 0.017
Flow (Q = KiA) 16320 ft 3/day
Q 136.7 AFY

Current Conditions (since 2002)

Width of basin at narrows 800 ft
average saturated thickness 30 ft
Cross-sectional flow area 24000 ft sq.
Aquifer hydraulic conductivity (K) 40 ft/day
Hydraulic gradient (i) 0.011
Flow (Q = KiA) 10560 ft 3/day
Q 88.5 AFY





Nitrogen Loading Calculations
Morro Valley

Farmed acreage
1977 1984 1992 1995 2001 2007

Truck (except legumes) 35 48 150 167 151 174
Legumes 11 89 228 371 193 0
Field 70 69 0 0 0 6
Pasture 61 57 10 18 9 5
Orchard 59 187 258 361 562 798
Total 236 450 646 917 915 983

Harvested acreage separated by N categories
multiplier (truck) 2.3 2.3 2.3 2.3 2.4 2.9
Truck (except legumes) 80.5 110.4 345 384.1 362.4 504.6
Legumes (x 2 multiplier) 22 178 456 742 386 0
Field (sudan) 70 69 0 0 0 6
Pasture 61 57 10 18 9 5
Orchard (<5 years) 64 36 52 101 118
Orchard (mature) 59 123 222 309 461 680

N loading unit rates (#N per acre)
Truck (except peas) 190 190 190 190 190 190
Legumes 100 100 100 100 100 100
Field (sudan - 3 cuttings) 200 200 200 200 200 200
Pasture 0 0 0 0 0 0
Orchard (<5 years) 36 36 36 36 36 36
Orchard (mature) 100 100 100 100 100 100

Gross N loading (#/year)
1977 1984 1992 1995 2001 2007

Truck & Field 31495 52576 111150 147179 107456 97074
Orchard 5900 14604 23496 32772 49736 72248
Total 37395 67180 134646 179951 157192 169322

Year

Year





























































Nitrate Concentration in Morro Valley Wells
City of Morro Bay
All Values in mg/l  NO3

Date 25C02     
(MB-3)

25C03    
(MB-4)

25F05     
(MB-14)

25F06     
(MB-15)

09/01/55 13.8
03/05/57
05/29/57 12.5
08/29/57 12.5
09/30/58 7.6
12/03/59 13
12/22/59
01/04/60 16
03/22/60 6
06/27/60
08/08/60 1.8
08/16/60 8.2
09/20/60 11
08/18/61 5.7
09/28/61
11/01/61 20
07/12/62
10/30/62 13 3
12/11/62 14.3 4.8
03/07/63 1
04/30/63
07/08/63
09/19/63 11
10/15/63
07/14/64
09/11/64 10.5
10/06/64
04/06/65
07/21/65 14
08/03/65
10/04/65 23
12/09/65
10/14/66
07/21/66 14
09/27/66 16
10/14/66 20 11.6
05/24/67 3.5
11/07/67 4
03/20/70 11 7
03/23/70
05/16/72 10.5 4
02/15/73
07/16/74 18 10 8 9
11/13/75 23 22 11 10
05/25/76



All Values in mg/l  NO3

Date 25C02     
(MB-3)

25C03    
(MB-4)

25F05     
(MB-14)

25F06     
(MB-15)

11/09/76 25 17 4 1
11/15/77 22 28 17 1.8
03/14/79 4.6 2 2.3 1.8
09/19/79
10/31/79 13 9 13 9
03/14/80 9 9
12/10/80 7.3 6.6 4.2 3.1
03/16/81 18 13
03/12/82
03/14/83 13
06/14/83 9
03/13/84 9 4
10/25/84
11/12/84
02/25/85
03/06/85 4 4 4 4
05/06/85
09/06/85 26 12 3.5 1.8
12/09/85 23 15 3.5 0.9
02/24/86 13 6.6 1.3 1.3
05/13/86 11 4 2.2 1.3
07/15/86 11 3.5 1.3 0.9
10/06/86 12 7 1.3 0.9
01/05/87 11 8.4 1.8 0.9
04/09/87 8 4 1.3 0.9
07/15/87 15 4.9 1.3 0.4
10/26/87 19 10 3 1
02/17/88 8.9 4.4 1.3 0.9
05/13/88 8.9 2.7 0.9 0.9
07/29/88 3.4 5.8 0.4
10/21/88 20 12 3.5 0.8
01/11/89 9.3 9.3 2.2 1.3
05/02/89 8.4 2.7 0.9 0.9
07/31/89 15 16 1.3 0.4
10/31/89 21 12 4 2.7
03/26/90
02/27/90 22 16 7.5 0.9
06/04/90 29 16 6.6 0.9
07/02/90
08/15/90 19 12 5.3 0.4
12/11/90 12 2.7
01/03/91 26 17 8
02/07/91 16 3.1
03/06/91 17
04/30/91 8 7.1 5.3 4.4
05/28/91 9.3 7.1 4.9 3.5
06/18/91 8.4 7.1 4.4 3.1
07/02/91 11 6.6 1.3



All Values in mg/l  NO3

Date 25C02     
(MB-3)

25C03    
(MB-4)

25F05     
(MB-14)

25F06     
(MB-15)

07/30/91 15 8.4 4.4 3.1
08/05/91
09/03/91 17 44 4.9 1.6
10/15/91 12
01/21/92 22 12
04/28/92 8 15
08/04/92 13
10/18/95 36
08/20/98 26 23
03/04/99 28
10/14/99 28 20 19
01/17/00
07/27/00 30 26
03/26/01 41
06/13/01 40 30
10/21/02 47 24
11/07/02 57 63
11/12/02 71 56
10/07/03 36 16
11/12/03 36
11/19/03 83 65
03/03/04 34 13
05/12/04 24 11
05/21/04 20
05/25/04 24
08/19/04 77
08/24/04 87 42
09/08/04 98 50
09/13/04 88 52
09/22/04 93
09/28/04 67
10/05/04 62
10/12/04 94 26
10/19/04 62
10/26/04 54
11/16/04 58
03/08/05 28
04/19/05 25
05/03/05 25
09/20/05 27 19 12 7
11/15/05 57 38 28 23
01/18/06 47 53
06/06/06 46 36 29 33
10/17/06 49 42 40
11/01/06 29
11/07/06 48 40
11/15/06 74 44 35
11/16/06 43



All Values in mg/l  NO3

Date 25C02     
(MB-3)

25C03    
(MB-4)

25F05     
(MB-14)

25F06     
(MB-15)

11/20/06 84 63 38 45
11/21/06 86 63 40 46
11/22/06 85 63 40 46
11/27/06 86 62 39 50
11/28/06 85 61 39 49
11/29/06 80 58 37 48
11/30/06 80 59 36 48
12/01/06 77 56 35 47
12/04/06 81 59 38 51
12/05/06 81 59 39 51
03/13/07 60 76 80 34



Nitrate Concentrations vs Time
Highway 1 Well Field

0

10

20

30

40

50

60

70

80

90

100

Jan-54 Jan-58 Jan-62 Jan-66 Jan-70 Jan-74 Jan-78 Jan-82 Jan-86 Jan-90 Jan-94 Jan-98 Jan-02 Jan-06 Jan-10

Date

N
itr

at
e 

C
on

ce
nt

ra
tio

ns
 in

 m
g/

l

MB-3 MB-4 MB-14 MB-15



Nitrate Concentrations vs Time
Well MB-3
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