This describes 1) contents of the attached matlab and excel files and shapefiles, 2) estimates of freshwater input to Hood Canal, 3) dissolved, particulate and total N and C concentrations and loads, 4) total dissolved N (TDN) concentrations and loads with population removed or doubled. 

Shapefiles:

1) HCDOP_sampled_tributaries.shp: A shape file of 39 points for the HCDOP- sampled tributary locations.  ~44 sites have been sampled, but this file contains only the sample points needed for loading calculations (i.e. sample sites upstream of other sample sites are not included).  In some cases, the point is inland, off the shoreline, and may need to be moved towards the shoreline for the marine model.  The site KOKA (Lake Kokanee) is the point at Lower Cushman Dam, near the intake for the Cushman generation flows.  The points in this file are the same 39 sample locations in the excel worksheet and Matlab workspace.

2) Unsampled_Polygons_FINAL2.shp: A shape file of 10 polygons that include all Hood Canal watershed area not sampled by HCDOP.  This includes undifferentiated shoreline catchments and a few small streams on Kitsap Peninsula and other low elevations (e.g. Rendsland Creek).    
Excel file:

1) hc_freshwater_2005_06_loads_conc2.xls:  This excel file contains separate worksheets for the 2005 – 2006 observed DOC, POC, TOC, NO3, NO2, NH4, TDN, PN, and TN concentrations and loads from the 39 rivers and 10 unsampled polygons in the 2 shapefiles above.  Units for the concentrations worksheets are all ug/L C or ug/L N.  Units for the loads worksheets are metric tonnes per month.  The sheets “TDN_load_no_people”, “TDN_conc_no_people”, “TDN_load_2times_people”, and “TDN_load_2times_people” have the results of the human impact scenarios (described below).  
The sheet “Flows_m3s” has river flows from 39 rivers and estimated surface and subsurface flow from the 10 shoreline polygons, all in m3/s.  These flows/loads are intended to include all surface and subsurface freshwater input from these areas.  Summing the 10 shoreline polygons flows/loads and those of the 39 river sampling points will account for all freshwater input other than rain directly on the Hood Canal surface.
Matlab file:

1) hc_freshwater_2005_06_loads_conc2.mat:  This Matlab workspace has the same information as the excel file, except for the summary table (Table 3 below).
2005 – 2006 N and C Loads/Concentrations in Excel file and Matlab Workspace
Flows: Flows from the 39 catchments and 10 shoreline polygons are shown in the excel worksheet (“Flows_m3s”).  These flows include all gage data from all sources.  When gage data where unavailable, flow was estimated using a specific yield method.   For each day in the hydrologic record, gaged daily mean flows were drainage area normalized, and the arithmetic mean of the daily specific yields in Kitsap/Lowland region was applied to ungaged Kitsap/Lowland watersheds:
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with i=1 to n streams in the region with flow data available for a particular day.  The two figures below show the different hydrologic regions and the sampled and unsampled area.  
Figure 1.  Watersheds sampled by HCDOP are shown in color.  The hatched region is the unsampled area.  The four populated watersheds shown in black (Big Beef, Seabeck, Union, Tahuya) were used to estimate N and C concentrations in the unsampled area.
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Concentrations: Dissolved, particulate, and total N and C 2005 – 06 monthly concentrations and loads measured at 39 tributary sites are in the attached excel worksheet, matlab workspace, and summarized in tables below.  The unsampled area in aggregate has a population density similar to that of Big Beef (83.1 people/km2), Seabeck (61.4 people/km2), Tahuya (19.5 people/km2), and Union River (33.3 people/km2) watersheds.   The monthly arithmetic mean of concentrations measured in these 4 populated Kitsap watersheds was used as a monthly estimated concentration for the unsampled catchments.  The mean of these 4 watersheds’ population densities is 49 people/km2.  The unsampled catchments in the Hood Canal watershed have a population density of 45.3 people/km2.  For simplicity, this concentration is used for the entire unsampled area (all 10 sub-regional polygons in the shapefile).  Thus, N and C loads from each of the 10 shoreline polygons differ only because of their flows.  
	Table 1.  Regional flow-weighted mean concentrations, annual loading rates, and area - normalized loading rates based on 2005 - 06 HCDOP monthly grab samples.

	

	Flow-Weighted Mean Concentrations (ug/L)
	 
	 
	 
	 
	 
	 
	 
	 

	 
	NO3
	NH4
	NO2
	DIN
	DON
	TDN
	PN
	TON
	TN

	N Fork Skokomish Diversion
	22
	10.0
	0.4
	33
	38
	72
	36
	75
	108

	Skokomish River
	71
	9.5
	2.9
	83
	22
	106
	81
	103
	186

	Sampled Kitsap/Lowland Watersheds
	198
	12.7
	0.9
	212
	72
	283
	37
	108
	319

	Unsampled Kitsap/Lowland Watersheds
	325
	12.7
	1.0
	339
	114
	452
	43
	157
	495

	Other Olympic Mountain Rivers
	61
	7.6
	0.4
	69
	38
	108
	34
	72
	142

	 
	
	
	
	
	
	
	
	
	 

	Flow - Weighted Mean Concentration (ug/L N): All Hood Canal tributaries
	97
	9.5
	1.2
	108
	44
	152
	49
	93
	201

	
	
	
	
	
	
	
	
	
	

	Loads (Metric Tonnes/Year)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	NO3
	NH4
	NO2
	DIN
	DON
	TDN
	PN
	TON
	TN

	N Fork Skokomish Diversion
	14
	6.2
	0.23
	20
	24
	44
	22
	46
	67

	Skokomish River
	95
	12.8
	3.95
	111
	30
	141
	109
	139
	250

	Sampled Kitsap/Lowland Watersheds
	86
	5.5
	0.37
	92
	31
	122
	16
	47
	138

	Unsampled Kitsap/Lowland Watersheds
	144
	5.6
	0.42
	150
	50
	199
	19
	69
	218

	Other Olympic Mountain Rivers
	109
	13.5
	0.63
	124
	68
	192
	60
	128
	252

	 
	
	
	
	
	
	
	
	
	 

	Total Annual Load
	447
	44
	5.6
	496
	202
	699
	226
	429
	925


	Table 2.  Regional flow-weighted mean concentrations, annual loading rates, and area - normalized loading rates based on 2005 - 06 HCDOP monthly grab samples.

	

	Flow-Weighted Mean Concentrations (ug/L)
	 
	 
	 
	 

	 
	DOC
	POC
	TOC
	
	

	N Fork Skokomish Diversion
	836
	396
	1232
	
	

	Skokomish River
	473
	871
	1344
	
	

	Sampled Kitsap/Lowland Watersheds
	2180
	355
	2535
	
	

	Unsampled Kitsap/Lowland Watersheds
	2352
	388
	2740
	
	

	Other Olympic Mountain Rivers
	869
	310
	1180
	
	

	 
	
	
	
	
	

	Flow – Weighted Mean Concentration: All Hood Canal tributaries
	1016
	496
	1512
	
	

	
	
	
	
	
	

	Loads (Metric Tonnes/Year)
	 
	 
	 
	
	

	 
	DOC
	POC
	TOC
	
	

	N Fork Skokomish Diversion
	514
	244
	758
	
	

	Skokomish River
	635
	1176
	1811
	
	

	Sampled Kitsap/Lowland Watersheds
	945
	153
	1098
	
	

	Unsampled Kitsap/Lowland Watersheds
	1038
	171
	1209
	
	

	Other Olympic Mountain Rivers
	1549
	555
	2104
	
	

	 
	
	
	
	
	

	Total Annual Load
	4681
	2299
	6980
	
	


Population Effects on N export: Multiple regression models showed the variation among watersheds’ 2-year flow-weighted mean DIN concentrations could be explained by 1) land cover and population density, 2) land cover alone, or 3) soil and physical characteristics alone (publication in progress).  Similar sets of significant factors were found in multiple regression models for TN and TDN.  Overall, the models showed that land cover and population density effects on concentration are similar in magnitude.  The multiple regression models are of limited utility in population scenario analyses since they explained less than 55% of the variance in concentrations.  When all terms were included in the model, a large bias (over-prediction) in loads resulted, even though the models had zero mean bias in predicting concentration.   [More detail on statistics results can be provided later in the summer].
A simple N mass balance approach was selected for developing scenarios for human effects on N loads.  Seven septic N loading papers reviewed by Horowitz et al. (the septic bootstrap model started in Mike Brett’s class) reported average TN outputs of approximately 4 kg/person/year.  To simulate a much reduced human disturbance scenario, similar to the effect of removing nearly all human N input, each watershed’s TDN loads were reduced by 4 kg/year for each person.  
Each stream and shoreline’s estimated annual load reduction was subtracted from the observed 2005 – 2006 annual TDN load.  The result was a lower annual TDN load that was distributed among calendar months based on the observed 2005 – 06 monthly TDN load seasonality.  For example, on average, 20.8% of TDN export in 2005 and 2006 occurred in January, so 20.8% of the reduced annual load was assumed to be exported in January.  Concentrations of TDN under the reduced human impact scenario were calculated inversely, based on the estimated reduced TDN loads.  In four small streams, subtracting the annual load reduction from the observed TDN load resulted in a negative annual load and negative monthly loads and concentrations.  For example, Big Beef Creek had an average 2005 – 2006 TDN load of 12.8 metric tonnes, and 4 kg TDN/year per person in the watershed summed to 14.6 metric tonnes.  The 4 streams’ negative annual loads summed to 2.2 metric tonnes (<0.5% of the total reduced TDN loads), and are unlikely to affect overall conclusions.
Effects of population doubling were estimated by a similar method, with each new person adding 4 kg TDN/year to watersheds’ 2005 – 2006 loads.  This simulated a TDN effect of same magnitude (205.5 metric tonnes) as the reduced disturbance scenario (Table 3).  The population/TDN effect scenarios are intended to be “best” and “worst” case possible scenarios (e.g. no denitrification of septic N).  
Table 3.  Estimated annual TDN and TN loads as observed in 2005 – 2006 and with a removal of 4 kg TDN/person/year.  All units are metric tonnes/year.
	 
	2005 - 2006 TDN loads
	2005 - 2006 
TDN loads 
Removing all population 
(4 kg/person/year)
	2005 - 2006
TDN loads 
Doubling population 
(4 kg/person/year)
	2005 - 2006 PN loads

	39 HCDOP sampled rivers
	499.8
	425.8
	573.8
	207.5

	Shorelines and other unsampled areas
	199.2
	67.8
	330.6
	19.0

	
	
	
	
	

	Total
	699.0
	493.5
	904.4
	226.5

	
	
	
	
	

	Total N load observed
	925.4
	
	
	

	Total N load 
without people
	720.0
	
	
	

	Total N load 
with population doubling
	1130.9
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