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Revised predictive equations for salt intrusion modeling in estuaries

J.I.A. Gisen, H.H.G. Savenije and R. Nijzink

1. General comments

The authors present a modified approach on modeling salt intrusion in alluvial estuaries. The aim is
to further improve the accuracy of predictions starting from previously developed analytical models.
As such the work presented here is not entirely new but there are some valuable contributions that
make it worthwhile to communicate results with the scientific community. Firstly, the adoption of
the inflection point as the location being used for deriving the predictive equations for the
dispersion coefficient D1 and Van der Burgh parameter K seems promising.  It  avoids  the weighted
averaging of the convergence lengths of the downstream and upstream branches over the salt
intrusion lengths as done by other authors (e.g. Savenije, 2005 and 2008, and Kuijper and Van Rijn,
2011). Secondly, the proposed dispersion equation is now applicable for convergent estuaries as well
as prismatic channels. Furthermore, the analysis is based on tidally-averaged conditions, which is
physically more sound than applying the advection-dispersion equation at the instant of high water
slack. Finally, the authors are to be praised for doing additional field work for validation of the model
and making accessible their data through the internet. Nevertheless, it is evident that further
research is still needed. The nature of the Van der Burgh parameter is in my opinion still obscure and
physically not yet identified. The predictive equation for K with a large number of dimensionless
quantities involved forms an adequate illustration of this.

The paper is well structured and does not require modification. More detailed comments are given
below.

2. Specific comments

Page 741, lines 14-17: “…, makes use of new observations…”. Unclearly written. Please rephrase.

Page 742, lines 4-6: “Making use …..to be”. This does not result in Eq. (2). Eq. (1) and Eq. (2) result in
Eq. (3) as described later. Please rephrase.

Page 744, Eq. (11): Savenije (2012) gives 0.3 10-3 as a coefficient.

Page 744, line 12: Savenije (2012) gives r2 = 0.93.

Page 745, line 19: please give references to WES flume and Delft flume.

Page 746, Eq. (14). I would prefer NR
0.5 rather than NR as the exponent has been derived from a fit

on data.

Page 747, line 2: The p-values in Eq.’s (15) and (16) do not need calibration as they have been given
in the paper by Kuijper and Van Rijn (2011). As such their equation is also predictive. Please correct.

Page 747, Eq. (20): As far as I know this equation was not mentioned in Rigter (1973). Please check.
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Page 750, line 12: Please define the river regime width Bf.

Page 750, line 12: Add T to 1=T (gh1/rs).

Page 750, line 12: The wave length is for a frictionless wave in a prismatic channel. Why is this used
for a convergent estuary with friction?

Section  4.2:  It  is  not  clear  why  D0
TA is  computed  here  from  D1

Ta.  D0
TA is not being used in the

procedure as described in this section, i.e. for the different sections: 0<x<x1 en x>x1. This is important
for those who want to use the model. For instance, Eq. (33) only describes the salinity distribution
for x>x1.

Eq. (38): please include the standard deviations for the estimated exponents of the dimensionless
groups. This will show the significance of the individual terms in the regression analysis. The authors
could  also  comment  on  the  fact  that  the  predictive  equation  for  K  does  not  necessarily  result  in
values less than 1.

Page 755, line 15: it is strange to state that gravity acceleration has a large influence on K as its value
is spatially almost constant on earth and thus was not tested.

Page 755, line 20-21: For prismatic channels ….. If b2 approaches infinity (prismatic case) then Eq. (38)
predicts K = 0. In that case dispersion is constant according to Eq. (33) (after moving K to the left-
hand side) as the authors also state. It means that density effects as described by the Richardson
number do not affect dispersion. Could the authors explain why density effects are absent for
prismatic channels or does it show the limitations of the predictive equation for K?

Eq. (40)-(42): please also include the standard deviations for the estimated exponents in these
equations.

Page 757, line 8: please give a reference to these laboratory experiments.

Eq’s (43)-(45): u1 has not yet been defined as the river flow velocity (I think).

Page 759, line 2: “without calibration of K and D1”. It is meant that this is in predictive mode?

Page 760, line 27: “it also decreases or decreases towards upstream”. Not clear what is meant.
Please rephrase.

Page  761,  line  16:  “the  performance  in  predicting  K  is  rather  low”.  But  on  page  762,  line  10  it  is
stated that “the predictive equation for K is rather good”. Please clarify.

Table 1: Please include rs in the table as it is used in the derivation of K (through ).

Supplement: no comments.
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3. Technical corrections

Page 740, line 2: predictive equations

Page 740, line 23: data are

Page 741, line 5: equations

Page 743, line 4: replace “into the” by “into”.

Page 743, line 16: replace “of” by “in”.

Page 744, line 7: expanded

Page 749, line 18-19: “…based on Savenije’s (1993b, 2005, 2012) method …”.

Page 750, line 20: “is of the second reach and not of …”

Page 755, line 20-21: For prismatic channels …..

Page 758, line 17: Eq.’s (43), (44) and (45) should be (40), (41) and (42).

Page 759, line 3-4: change “do not performed very well” in “did not perform very well”.

Page 759, line 8: underestimated and overestimated.

Page 759, line 9: Is reference to Eq. (45) correct?. See also references to the equations in lines 11
and 14.

Page 761, line 14: there.

Page 761, line 21: decreases.

Page 762, line 14: “of the K and D1”.


